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1.1 ‘.-IN‘I‘GRO'DUCT ION

-

The Pr0posa1 "Experiment in Materlals Processlng Englneerlng
8 Education: The &ndustrlal Internshlp Program" {1} was prompted by

the problems of a "productivity crisis® that was seen to exist at

-

4 .
the tine of its writing: a severe balance of payments deficit with
a balance of trade def1C1t as one of its most notlceable components.

The blame for theseég?velopments was generally placed on a level of.

-

tﬂroductivity slgnlﬁicantly below that of,a humber of foreign com-
petitors on the world markets (2). Within onk year events took

place which appear to have shuffled natidﬁal priorities. For one,
: ' ‘ s

“ the U.S. currently enjoys a trade surplus, brought about by cur-

.}

rency realignments. Seéondly, the Yom Kippur War at long last has
~jolted the industrialized world into the realization that the’

earth's non-replenishable resouEges are in fact finite in Quantity,
- F i F m , -

- t

(:?\ and supplyhlevels of some cf.these are groﬁing dangercusly low.
The word "Enerqgy Crisis"” suddenly became the word«of the day, al-

though "Materials Crisis would have~been a more appr0pr1ate choice.

4

pid nat10na1 prlOrltleS really#change since' a year ago? The answer

is suggested by a brief rev;ew of the definition of Productivity.

L=

) \m :
Simply put, productivity is the measure of output fgr a given a-
mount of humdn effort. " But Mr. R.QGerstenberg, President of the

General Motors Corporatlon, goes further in his deflnltiOn of pPro-
\ L1

ductlvity

& . -

PfoauctiV1ty is a measure of management's efficiency,

|
‘|I oo

/? or® lack of efficiency, in employ{hg all the necessary
| i resources--natural, human, financial (2)

-

\ cen
- 3 ,? o " -
‘Similarly, L. L. Lederman, Director of the National Research and




Development Assessment Plogram of NSF, states N
. “‘.,.fj S

*

vt

Productivity is the relationship of output to assoc-
P dated inputs, in ‘real,' physical volume terms. THus,-
\ changes in the ratio of output to input measure
changes' iq the efficiency with which inputs of scarce-
resources are converted into goods and services. (2)°

_ It is thus clgar that productivity had been a measure of eff;cienﬁ

" use of. our natural xe?:j:ies all along, even before the nation be-

came painfully aware o e Energy Crisis. Thus, national prior-

‘ itiesic%early have not changed.

. » The problep of product%yit? remaiﬁs very much at the éore of
any solution té tﬁe materiafg shortage problem. It thus appears
that the objectiveg of this p;bﬁasal and the proposal itself have
Iemizged very much relevant to our present prbblems.

" The United States will need more and better qualified tech:
nological entrepreheurs and innovators to tackle these prob&ems'
and those looming on the horizon. Invigorated interactién bgzzeen
the industrial and academic commﬁnitie;, as pfomotedlby ﬁhe In-;
ternship Program, can be an importam¥ factor in the solution to the

productivityj problem.

%




1.2 OBJECTIVES ' .

o Under the Experimental R & D Incentives Program of the Nation-
4 3

+* al Science Poundation, Michigan Technéiogical University proposes

an experiment with' the objectives to ° . . . ¢

| 4 O

-1, Provide professional training in an atmosphere ‘of in=

“novation for students planning to enter manufacturing

-
-
[l a

“ engineering.

L] . L

2. Develop arfd maintain a university-industry relationship \

4 - .

conefcive to jdint'activities that will lead to 'increased

transfer of new manufacturlng technology to the manufac—,

. »‘ turing 1ndustry and W111 P v1de feedback to the‘éduca- - '

. ticnal system of the univer ity. ,
K’w\ : - ' - 1 ' /

It.is proposed that these objectives |can be achieved through an
; - \ :
educational program which brings togéther a student or students,

2
»

a univers;ty faculty member, and an engineer from-'industry to form-
a team. It is the task of this team to solve an enqineerrnzﬂyrob:

.* lem provided by industry. Details on the Rrogram are providéd in

#

Chapter 2 as well as in Reference (1). |
Specifically, the purpose of this phase of the project is to
- review existing usiversity—industry interac¢tion, domestic 3
** and foreign, involving public, private and captive insti-
[tutions - . ‘
) -/ conduct symposia for potential industrial participastsvj

= ildentify lnterested companles and students

~ establish an advisory counc11 ’
- = conduct meetings for faculty and industrial particiBants .
to establish program objectives, procedures and guidelipés

-~ and to design the full experiment.

. oo
3 CoeEt

-
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, ‘1.3 CURRENT STATUS OF THE INVESTIGATION ' / s

s . ¥ . . g
‘ Exlsting Univefsity-Industry Interaction--Foreign. During the

» Manufacturing Productivity Conference held in: October, 1972, in
e T ‘Washington, D. C. (2), Germany and Japan were frequently mentioned
as ezkions enjoying-hiéh productivity and strong. government back-

ing. in thelr R & D efforts. Comsequently, it was fe}t'that these

countries should be wvisited to gain first-hand information, also

™
W [

¥ith rega¥d to university-industry interaction there.LﬁReports on
these trips comprise, Chapter 3 of this report. The experiences in

-Germany turned out to be of partlcular value, 51nce a very strong

working rel@Flonshlp exists between universities and 1ndustry in
that country . The potential beneflts of applying some of the

| practices observed t6 the U.S. system are worthy of iqéestigation.

‘» ' . Written inquiries went out to universities of other Etropean

countries to obtgin‘corresﬁonding data. Not all requests for in~

formation have been honored yet, so these findings will be included
. in the final report? It can bejetéted, however, that the same type _
of university-industry interaction exists in all Central Eﬁropeqn -
countries {(Germany, Switzerland, Austria end its former dependencies}, I
as evidenced by the fact that Augtrian and Swiss companies do jbin .

. German companies in cooperative research ventures inyolving German

- g .

universities, for example. .

Existing University-Industry Interaction--Domestic. Aside from

interaction that frequently exists between an individual professor

and rndustry, a ?umbermof schools have been identified which have
F Ll
establisled systematlc programs almed at a more productive inter-

"change between unlver51ty and industry.
$ *e 4 7 )

» _4_

8\9




~3

~ experience and informafion. ’The programs of M.I.T. involve on-

.thismschoo}, recognizing the importance of compufer~aided design
,aﬁh manufacturing (CAD/CAM) for industrial proddction, has insti-
- ' -— i

tuted the Industry-University Consdrtium Research Program on Com-

for increasing univérslty 1nvolvement in CAD/CAM ‘As a result the

A .
* - ’
| Il

~

" v

- : ) u . ¥ . .
One type of program found at a number of universities is in-
tended to. cultivate a:mutuallly- beneficlal partnership betwden in-

dustry on. one hand ana univer51ty admlnistratlon and professors on

the. other» M1chig&n~TEchxs Corporate Assoclates Program and M.I.T.'s
Associates Program and Inaustrlal Lialson Brogram belong in this
category. Member firms gain access to the eduoatlonal and research

programs of the school, and the‘schoél receives financial support’

I

Some. of the means of communication are individual visits on campus
or 1in industry, different types ofupublications on research acti-

vitles at the school mailed out to member firms, seminars, collo~-

auia, and round tab eetings to promote exchange of professlonal

’ *

& R .
campus representatives who are responsibile for establishing con-
tacts in . areas of coincident jinterests with member companies; and .

thué for developing effective, relationships between these firms

"

I _ ! . ’
and the school. - .- S . f

On a-visit to the-University of Michigan, it-was }earned that

- <

puter-Aided Manufacturing. -The Mechanical Engineering Department
+ »

and ah lndustrlal Tecﬁnlcal Adv;sory Commlttee are expLorlng ways -’

U.“of M. is now active in research and teaching in this field.
. - r
. The Processing Research Institute of Carnegie-Mellon University

offérs a Master of Engineering Program designed to prepare graduate

students professionally for engineering careers. Stodents are *

¥

glven industrial projects, and they have the!major responsibility

‘ I W  ~5-

.
.
: 9
L

L
L
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- . te I 4
_h for their success§d1 completlon.'\Each project is directly super -
yised by PRI faculty members, but also receives dlrect input grcm

s, . englneering exgerts from 1ndustry. Currently, about 15 companies
v N \

are part1c1pating in the program. The working arrangem&nt with

to. . ,r

each f;rm‘prov1des ﬂgr project fundlng to be shared equally by the

E

. company and NSF for the first gﬁar. Subsequently,  the company '

carries a%l project costs;;,éhe cooperation'of'the Departmentsfcf
Chémical En%ineerinc, Mechahicé& ﬁngipeering, and Eetel}urgy:and
Materials ﬁcienceqmakes thigd Er6Qraﬁ interdisciplinary.

. o ' ’ . - m‘- R o
Co-op ﬁrcgrems. Colleges and un1ver51tie5 acrosszhéﬂd%itﬁ

and Canada are adoptlng Co-op Programs at s acc lerqﬁlngtra%e.
C00perétive education in its standard form has the fcfiowing r -
features (3, 4): By plac1ng ,an lnterested student into 1ndﬁFtry ) I
according to a t1me schedul convenlent to hlm, he gains 1ndustria1

£ experience'tc supplement his classrcom learning. The student cus-

tomarily enters the program after compleﬁ&on of his first year in *

"

college, Care is taken 1n trylng to match the student s -field of -

stuay and his work a551gnment.l The level of these assignments is

4

adjusted to conform to the student's academic progress, i.e., he
assumes iqcrea51ng responsibility as he nears graduation. The-

o

student's wowk experience becomes part ¢f .his formal edycation, and

¥

‘he receives academic c¢redit for. it. His academic studies become

more relevant ,to him,.és he is able to relate theoretical learning -

" to his job experience.

&

Iq summary, three different‘types of university—inéustry

T interaction in the U.S. have been identified so far:
] o . .
. . 1. Industry deals directly with professors in order to bhene-
. . LB Y
« 10

Q . i -6— -




i /~ .
\‘ L * I - " -
L} . - N o
L™ .t .
fit frbm' the research potentlal of the university. Stu-

. dents are not involyéd on a systematic basils, although

¥

gradu%fe students willbusualiy be active in relﬁ%ed-rei,
¢ search'éfforts. ‘The flow of gechnical information tends
to be @irected from the uniﬁersity to industry. SOme.
feedback from the research effort tg the cL&SSfOOm éxisfs.
2. A number dﬁ students (undergraduate)lgqin indpstrial &x-
periencg,'and thus ére +the priﬁary b?neficiagies of the
interchange. No direct inyolvement 5& the universities
exiétS'to benefit ipdustry, and,thére'is practically no
Y . feedback from industry to £he qpiversity which would be
helpful to make teaching:ﬁdre'relevant to all studenﬁs.
3. A number of stud‘nts-(undergraduate and graduqte) géin -
indu§£r1a1 éxperience by working with faéulty members and
“précticing engineers on an-industrial problem. -All pér-l
ties‘involbed'in the project benefit: the-‘student gains-
vaiuable experience, the company gets a problem solved

with the help of the univéfsity, and the,facultyﬂﬁember

o

géins practical experience. Communication channels be-
\ tween university and industry are open, and the flow of

information from iﬁdust;y to the university makes engineer-

¥

\w—.  1ing courses more relevant so that all students taking these

:  courses benefit, ) S -

Of course it should be emphasized. that these classifications nee

d __.
[ LN I 1
not be as rigid as outlined -here. -Instead, a wide spectrum of

- - . U$ 4

combinaﬁqbns or variations qf thesé program types is possible,

subject to the lhgenuity and needs of the.pregram participaﬁts.

4
A '3
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s

tion, which would thus be opened between university and industry,

-
'

I -
Symposia,on University—Industry interactlon * In recent months a

= B

_number of" symposia were held which dealt w1th the nee& ta improve ",

.funrver91ty—1ndustry'hnteractiop -and the transfer of technology

In December of 1973, Carnegie-Mellon University conducted-the
e N .
- ‘ ) N o
NSF-sponsored, "Workshop on Research and Educational Needs in the’

—

Pressure Vessel Piping and Related Industries," whith wAS ihtended'

to advance mniversity-industry interchange. A brief desgription .
r - .
of this meeting is included in Chapter 4, ;) T

-

=, Also in December 6f 1973, M.I.T. held the ﬁNational Conferenoe

on Manufacturing Technologyeand Productiv1ty "R detailed report

L] -

onl the proceedings of this meeting is included in Chapter 4,
Michigan Tech held Nsﬁhsponsored symposia on @9cémber 12, 1973,

’in Dearborn, Michigan, and’ on March 1, 1974, on the Mlchigan Tech 5

F

campus. The purpose of these events was to advertise thg proposed "

ey
-

program to 1ndustry and to stimulate discussion on it. _It was felt

L 4 LY
.

\ "y
that early input by industry/;ould aid in the final de81gn of the

exper iment. Proceedings -0of these meetings are 1ncluded in Chapter‘

~ ) . . .
4. s < : s v, ’

a Somggof-the significant results of these meatings are: :/-

The indfistrial representatives agree that the program pr0posedﬁ
by Michigad Tech is veryxpromising Although it shares a common
feature w1t?/kﬁerﬁo op program, namely, the practical experience,
gained by the student, its 1nvolvement of university faculty makes
it most appealing to them.” They feel that channels of communica~
!

-

benefit all.participahts. Better than 80 percent recommend that

their companies participate in this program Additional, details,

\ ’

e

ghowpn in Chapter 4, include the results of a questionnﬁire responded*'

7 R
v3?~ l




.tb'By industrial participaﬁts of theASYmposia. -

. .‘. . - ’ ) %‘ .

Status of Industrial Commitments and Advisory Council. ' There ap~ .
' L : 2

pears to be little.difficulty in finding companies willing to par-

4

.

the program. Presentf&, companies from whom“positive (M_

responses have Jbeen received can be categorized as: a) committed
L] B . . A L} " -

w o - » -7 . . oo
.to the program, b) expécted to'make a commitment, amd ¢) having

S R
expressed an f#cerest as.shown:

.. .
! /7\ ’ .
t+ H N ' - ’

1 R -

Companles Commltted to’ the’ Program

Deere & Company, Moline, 1111n01s v . .
Gréde Foundries, Iron Moﬁntaln, Michigan and Milwaukee, Wisconsin’
. Férd Motor Company, €hassis Division, Dearborn, Michigan ’ LI
' Concord Manufacturiiiuijﬁpany, Congord, Michigan { }
T . uo, W
- ; ] - ,

Companies Expected to Commit Themselves to the Program ° o ‘

" Caterpillar Tractor Comﬁﬁ%y, Peoria, Illinois
+  Garden Way Manufacturlng Cogpany, Troy, New York .
Union Garblde Corporatlon, Buffalo, Néw York,
Sagniaw Steerlng Gear Div.' of General MotorSn_Saginaw,'Michigan

L

Motor ﬁ%eelaﬁorporation, Lansing} Michigan
. Steel Case:'Incﬁ, Grand Rapids, Michigan : .

Dow Chemical Company, Midland, Michigan . ® .

-

Companies Having Expressed an Interest in the Program

Besser Company, Alpgna, Michigan . .

°Bucyrus Erie .Company, S. Milwaukee{ Wiscoﬁsi
%, " Cleveland Cliffs Irop Company, Munising, Mich .

L4

Glddlnqg & Lewis Machine Tool Company, Fond du ac, Wlscon51n
D, A, MacPherson, Inc., Iron River, Mlchlgan
Lear sipgler) Inc., Detroit, Michigan '

g
_Scott Paper Company, oconto Fails Wisconsin ¢
‘ White Pine Copper Company,.Whlte Plne\ Michigan N : \%D
o )
- - 13‘-‘
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' s " . ADVISORY COUNCIL FOR PROJECT -~ . - . !

i i - 1., Robert M. .Coltom, Project Director,
Private Sector, ERDIO, NSF

2. " Richard ©O. Lane, Director of Marketing, o .
:Fgank Bancroft Co.,. Iﬂ;.ﬂﬁnearborn, Michigan

. 3. Gerald T. "Undefvood ' L g
“ Mgr. of Personnel andpManagement Development
' Deere & Company, Moline, linoisg

L

v 4. Marvin E EeVrles, Assoc;ate Professor -
. Department of Mechanical Engineering
‘ . Unlversity of WlSCOnSln, Madison N

s, Henry Gregorich, Chléf Englneer,ﬂ.
- Product Engineering Office, Chassis DlViSlOD,
+  Ford.Motor Company, D%agporn, Michigan

6. L. J. Woelke, Prestdent,
Grede Fpoundries, Inc., Milwaukee, Wisconsin

»\J




1.4 REMAINING TASKS |

-t . . - "

A nhmber of tasks remain to be completed. These are:

Coﬁplete study of domestic uniyersity-iq§pstry interaction.
Efforts to make a more.complete assessment oﬁluniversity~industr§'
interaction in the 6.8,.w£11 be continued. -The search will con-
cen;rgte on programs which déviate from conventional ¢o-op epuca-
tion, since its Scope haq beén clearly idﬁptified, a; dgscribed'in

the previous section.

Finaiiée the list of participating “players"” for tﬁe first

-

year. It is recognized that the "players” will increase in nuﬁber
B A _ |

and may vaé% over the next years, as -the program grows. At first
arrangements must be finalized with the companies which will help

to start up the program. This in¢ludes establishing projects and

the teams (student~professor-practicing engineer) that will be re-
Lo ' ' .
sponsible for their successful completion. At the same time.in-

dustrial}participants must be identified for subsequent years.
Meetings for faculty and indgstrié} partiéipants will be held
?o establish program‘objectives, procedures, and guidelines. Form-—
ation of téams also requires the ident%fication of interested éé
well as qualifiéd students. This task-will be undertaken in the

very near future.

Final design of the experiment. The input provided by the
symposia and the faculty/industry meetings will be helpful in-thé
¥

final design of the experiment. Since a major part of the experi-
b [ .

_ment is its evaluation, criteria and techniques will be outlined

. w ]

to help determine the success of the program. It has come to oﬁr
attention that cost/benefit studies. are being con&ﬁcted by two
[ : .
‘ 15
- -11-

."JI
t




e ‘-.f . W b i , f R . - -. .
i universities™on the effects of co-op education. These schools will
' , S-) be contacted in an attempt to determine what their.experiences are
F B . - a ’ ‘
. and what suggestions they may have for a meaningful analysis of a
: ' progrém épch ag the one proposed. *
— o ~
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United States Civil Sefvice Commissioh - Chicago
Region - The College Newsletter, January, 1973,

7

"Pifty Views of Cooperative Education," A .compilation
of the notes of thHe faculties of the several Insti-~
tutes on Cooperative Education: Administration cen<,

] ducted during 1972-73 under a Title V~E, EPDA, Grant

from.  the U.S5. Office of Educatlon, Bureau of quher

Education, by Donald C. Hunt.-Director of Cooperative
Education, Unlver51ty of Detrolt.
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THE: ENGINEERING INTERNSHIP* PROGRAM
by
J,/C. Gerdeen @ -,
. : N
. . B
Problems

: . The Engineerind ;ﬁternship Program lras been prompted by

L 1

problems of manufacturinglproductivfly, foreign trade unbalance,
and felated causes such as technology transfer, lack of reéearch
and innovation and technology gaps of one sort or another. For

example, during the firgt quarter of 1972, the U. S. experienced

. a foreign trade unbalance of 1% billiop doliaré) This has beeﬁ
artificially offset during 1973 by the devaluation of the dollar,

\ _
. - but the real cause of this problem still exists. - The Engineering

-

Joint ﬂouncil [1) foresaw tpis;problem when they saidr¢ 5

i

Minimal U. S. support of industrial research/ -
may lead to a loss of technological world leadership
in civilian markets.

Closer collaboration between engineering and
educational theorists, should be encouraged,
iespecially in universities having strong schools
.0of engineering.

£y

M

Sl The cause &f this foreign trade unbalance may relate back to

L

the amount of research effort in manufacturing processSes. In -
metalworking research the U. S. has been outdone by Japan and
Western Europe as Table 1l 'shows. Japan has expended about two

fimes as much research effort and Europe more than four times as

sar

] A -

[H“The Nation's Englneerlng Research Needs"1965-1985," EJC,
January 1963. - / . .
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much. It is not surpris$ing then that the U. 8. faces serious
“ ®
competition from these countries in manufacturing productivity.
s 1f resefréh and development are important to increased

productivity, it is worthwhile to consider the innovation process

»

and blockages therein. Table 2 shows the basic elements of the

1nnovat10n process. Blockages ex1s§@?etween these elements.‘
{
There are several of these, but the technical and educatlonal

will be considered as the 1mportant ones here.
There is a technology gap. Where is .it? A recent survey,
¥ % )

. (Table 3, showed that a Eéchnology'gap exists in the material

by

processing area. For example, tools and dies for metal forming
are designed by experienced artis’'ans. A new design requires a.,
? I -
trial ‘and error approach. Yet, the technology .exists to make .g;)

this art -more af a science, and thus save lead time and avoid

K - N

unnecessary develop;g\t expenses.
Table 4 shows that there is also a lack of edepatlonal back-
ground of manufacturing engineers. As 1nd1cated:on the previously
cited Tablg, Table 2, the NSF R & D incentives program has as its
K objective to overcome these “technological and educatiOnal blockages

L . # - . . X -
-in the innovation process. '

L

- ‘The Internship Program y
Manufacturing productivity involves ihdustry. A technological

education involves a student and the university. These three

1 1

. identities are shown in Figure 1. Very often, and unfortunately,

" two of these identities, the -industry and the university exist by

themselves with some’distaste for each other. The industry may

20
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TMBLEL . ]
ANNUAL RESEARCH EFFORT IN METAL %ORKING (1383) .
UniTE n S TATES Japan " FugopE. -
_ Han ™ Maw - Han .
Hew MeTAL Rsfqom. gaocasses 228 15,6 323 12.3 516 9.4
Existing Fevaw ResovaL Processes G20 28.8 1575 59.7 o 2033 3.1
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TABLE 2 -

PROBLEMS:. EMPLOYMENT, INFLATION, "PRODUCTIVITY,” TRADE BALANCE, -
ECONOMY ,
R&D PRODUCTIVITY S
) |
INNOVATION -PROCESS: Basic ‘ResearcH .

b

(?ﬂPPLlED ReSEARCH & DEVELOPMENT

Desien & ENGINEERING

"ITERATIONS : t .
PreDucCT 10N

b

. MARKETING

YBLOCKAGES” IN THE INNOVATION PROCESS: FINANCIAL

] TECHNICAL
' ' o INFORMAT1ONAL

MARKETING

EDUCATIONAL
LABOR

RESEARCH INCENTIVES PROGRAM: SuppoRT “EXPERIMENTS” TO TEST
FEDEQQ;E!&cenrtves IN OVERCOMING

BLOGKA

AN

22,

S IN THE INNOVATION PROCESS.
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TABLE 4 -

A. D. LITTLE REPORT

« LEVELS OF FORMAL EDUCATION

&
HieH ScHooL .orR LESS
CoLLEGE DEGREE

Some COLLEGE

”
{—

OF MANUFACTURING ENGINEERS

v 207N
338
)
47%
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with the real world.

in betw%en an@ he 1s\gonce:ned about obtaldlng an education,’

think of the'unlvers}tylasxan "ivory tower" wfth no connection

The industrial person mav be'nna;are‘of )
technical expertise at the dniversity in his preblem agea. * The
university'professor-may not like the idea of getting his‘"hands
dirty" in the real, world““f\lndustﬂ& He is unaware of the problems
of 1ndustry' Conseguently, there is a technology’ ‘transfer problem.-

However, the student“is the secret}to the solut®en of thia _problem.~

N
~The student is the main product of'%he university.. The S?q&ent°

Therefore, a mechanlsm of technology

»

goes to1q\rk for the 1ndustry
transfer involving thg student will offaqr the mosh;potentlal

{In this connectlon, 1t is neted that Mlchlgan Tech ranks -
: %
first in the number of Metallurgical engineers graduated each year
and ranks th1rd Or fourth 'in the number of Mechanical éhglneers g

graduated in the U. 8.}

.'s

Next cons1der the charactérletlcs of each. of the three - «
. 7/
identltles, as 1nd;ca d. 1n-F1gure 2,

A v
that can be involved 1n =

technology‘transfer. dustny has ‘an eng1neer1ng problem or

réﬁetrch probLem that needs to be solved before .a new ﬁroduct cah

-
The 1ndustry may lack the.expertise

be made. read? for productlon.
that. can be potentially’ applled ¢o these problems.

The student sits
4 i

']

expec1ally one that is relevant and that w1ll help h1m obtaln'

empfoyment ﬂpon graduatlon.

L}

w1th the1r

Flgure 3 shows how these three 1dent1t§ls

indlvadual characterlstlcs and_concerns can

Fl em

raqt via a three

man team¥*o e ce tbchnology~transfer. The 1ndustr1al person

“may Be an engineer or other representatlve fromélndustry

K

-20\_‘—/ . .. ~

1 b . < ‘u Al F

There

El

ag
-




=

H
4 N . .
. . . -
+ { . R
o M :
U’ ‘ ) )
LT - -
. [ .
[ .
v

—~ . — S
_ , LR

CImusTRIAL .10 T |- stupent | | duiversITY

e CEDUCATION | EXPERTISE
| | N

S ¥ e
o . FIGURE 2.

[ \ ) . ’
~ /N ~
. i & [, I )
27 -
-21~ : ' '

Q ; i )
FRIC ¢~ .o o ﬁ
[Aruon ooy eric ﬁ » * . . , )




N
- EMGIMEER: ¥ | O
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o, [HDUSTRY
b
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HIDUSTRIAL - sTuBEmT 7 UNIVERSITY
PROBLET - EDUCATION .| . EXPERTISE-.
: J’_ . * 3
——— |
FACOLTY
. <J|  UNIVERSITY .
. N L \
1 - FIGURE 3 .
| INTERACTION OF INDUSTRY AND UNIVERSITY VIA

" A THREE-MAN TEAM

A
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" may be one or more students involved on'tﬁis team. The university
rebresentative would bela faculty memeer with particular expertise
.in the problem area. Figure 3 shows how the university facuit?
member must get out from the un1vers1ty to interact with industry.
It also shows how the engineer from industry must get out frOm the
industry to interact with‘the university in continuing education
or by preggﬁting seminars on campus. 'The‘figure also shows how
both the industriai and faculty advisqrs have input into the '
students' education éng how technology transfer can be enﬁanced ifo
the student moves back and forth between industry»and thefuniveqsitya
.There must be feedback to ‘"the univer31ty via all three m mbers of
the team if transfeyr.of t chnology to other students and faculty f
not involved -in the’)particular effort is to be maxlmlzed. s -
Figure 4 shows that the focal point is an engineering project
o{-concern to éhe industry. This must be the focal point if this
mechanism is to work. The need and desire to solve an industrial
. problem is the "lubricant" that will keep the "bearings from
/ﬁh freezingf. Wftheut ig, “tecpﬁblogy transfer" is a'good thing to
talk about - like the weather, but naturally nothing much will be
" done’about it. The focal poiht must be an,industrial problem'about
° which the mechanism revolves and-if it iqvqlves a team effort as
suggested then.technology transfer will automaticaliy be a matter
) of course. s | N ‘
‘An internship program, in a medical settiﬂg; involves a -
R“hospital"'or ‘clinic" ffihe engineering internship program does
C

too, as shown in Figure 5. 1In ttls case the university research

-

*laboratories and facilities can

't : M 2 9 ’ o .

Q . - 2 v . "23':

erve this purpose when after a
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THE IMDUSTRIAL PROBLEM
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| RESEARCH \

STUDENT  » > LABORATORIES &

) FACILITIES

* PROFESSOR
FIGURE 5

- -
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particular problem has been diagnosed in industry, it can be
further "operated on" at the university.

“Figure 6 shows a work study plan (gimilar to a co-op
“arrangement} where it Es suggested tha£ a séﬁdent.alternately
spend 6 months in iﬁdustry and, 6 months at the university. This
méahs that a student's study pfbg;am would be extended by one year.
The p;ogram is intended for students énteringltheir senior year
"and for gradﬁate students:g University credit would be given far
the .engineering research work of fhé students.

In order to imélement the program financial ;upport is needed
.as shown in Figure 7. To atgract the b?tter-students to the program,
and to con%ince them to delay‘their degree schedule by one yéar, an
extraor@ingry incentige islneeded. NSF would éupport the student
while inlschool with a substantial fellowship.. Inauétry would
supbort the students while at work {here, %nd alsb would support
thé faiiity ﬁdrkihg thete too --for they peed an incentive too.
The university, o% course,'supports the fadu;ty in their teaching
dutiesi?ﬁd prov%dgé facilities fO{ education and research.

. . . ] :
* -Mighigan Tech proposes the engineering internship program as

] " f
an exXperiment for 5 years. This period is considered a minimum in

order to collﬂkt enough data. for. evaluation purxposes. In this*

regard, crite f_will have to be established for measuring the

b . -~

success Of thellg periment. ' -:,' v
It is bélieved that this program has the potential of adding *
professionallsm to the engineering educationu by prov1ding the
opportunity of a professional engineeting eduqation w1th1n an

existing engineering school w1thout bulIﬁlng é separate professional
32 |
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FIGURE 7
. SUPPORT

NSF - EDUCATIONAL SUPPORT FOR STUDENTS WHILE N
SCHOOL -~ FELLOWSHIPS

INDUSTRY - SUPPORT OF STUDENTS WHILE IM INDUSTRY
- SUPPORT OF FACOLTY WHILE IN IMDUSTRY

UNIVERSITY ~ SUPPORT OF FACULTY AND FACILITIES TO.
EDUCATE STUDENTS : N
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school. The students selected for involvement in the prOgraﬁ
will truly be the prbfessionalé, but the "feedback” and "spin-off"
to 6the; students and faculfy should enhance the professional

. 1]
character of the engineering education in dgeneral.
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- o
. REPORTS -ON TRIP TO GERMANY
. x| _ by .
) \ " K. J. Weinmann )
‘ J. C. Gerdeen : . T
.o ) . " 'J\ . . M
Introduction : ‘ . K\ﬁh

TwO reports on the trip to Germany taken by the authors as.
. - " ¢ t o
part of the NSF backgrdynd stud¢- of university-industry interaction

,f are presented. The first; an ig;rodubtbry report, describes

briefly the institutions visited, contacts established, and the -

.
#

. types of actiwvity observed. The éec0nd report attémpts to provide
an in;deﬁth deséiiption of engineering Qduéation and.research at
‘the university with emphasis on the area of maﬂufacéuring. ‘This .
report puts the obseqvationp of the introductory{répoft in perspec; . ’
. - )

\ tive,vand clarifies the practices described, and organizations

mentioned ih it. ° © e o c . ¢
Y \__,_— .

-

INTRODUCTORY REPORT ~

<

- . ~ ,
A Visip to the Technical University of Berlin - October 16, 1973

1. Persons contacted:

.
!
[

Prof. Dr.-Ing. Gunter Spur, Director of Institut fur

Werkzeéugmaschinen und Feértigungstechnik (Department of
. \

! .

Machine Tools and Manuifacturing) .

Prof. Dr.-Ing. Rolf Clausen, Assistant Director.

-t
- L]

37
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2. Suqury of visit:}
L] . - D ﬁ;‘ g

T ﬂ#nggition to the two professors in the department,
. . : '
‘there are 40 "wissenschaftliche Mitarbeiter” and "Agsistenten”

{(scientific co-workers and assistants) who are doctoral

.

) candidates who have their Dipl. Ing. degree.

t ' L] -
The research areas of the Instit{it are ur in number:

I. Machdine Tools and Metal‘Cutting'

L]

II. . Programming of Machipe Tools

v -
o 1

III. Control Theory
\

IV. CAD - Computer Aided Design .
. . “Some of the projects under these areas are, ﬁg; éxa@ple:

4l

Ia. Thermal deformation of machine tools (dﬁuckﬁ)
Ib, Thermal aépects of clutches e
K& ¢ rd
Ic. Dynamic behavior of grinders (threading)

II. Development of Compu%er languages: \AUTODEC,
) . ot
EXAPT, COMPAC (automatic drawinds)

III. Developments of controls: NC, DNC, CNC, AC
(Adaptive Control) .

“

1)

The university is leading industk¥y in computer controls
4

and in fact is developing control techpiques for induséry.,
. ’ “ Y
Two -¥Ya¥ge industrial firms they work with are Siemens and’

-

AEG. These comppanies furnish the Institut with their com-

-
-

puters. There are about 40 sponsore& research projects. Of

L4

these, 1/3 are sponsored by the government, 1/3 by industry,

3 . :
- - ‘ * 38 - -
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. and 1/3 are co-sponsored by matchin§¢funds from governmeht

Ir

| and industrial groups. g Tl .'ﬁgﬁ;'
B. visit to Technical Univggsit?“of Stugggarf - ‘gtdbgrf18,19, 1973

o L]

4

PR

.1, Important people contacted: ‘ ’
Prof. Dr.-Ing. Kurt Lange; Director of Lehrstuhl und ;

Institut fur Umformtechnik (Institute for Metal Forming);:
\ - : .

\ . .
Dipl.—Ian”P. Noack, Assistant Directoy/%or Teaching;

Dipl.~Ing. G. Schroder, Asslstant,Dlrector £0r Basic , .

. .~ \Research; Dipl-Ing. E. Dannenmann Asslstant Director forr/

Applied Research.: ' = o v .

T . b
- :" B . N a

Prof. Dipl.-Ing..Karl Tuffentsammer, Dlrector, and Chleffn

3

Y

'Epgayeer Dr.-Ing. C. M. Lang, Institut fur Werkzeugmaschlnen

(Depgrtment of Machine Tools).

Prof. Dr.-Ing. Hans~Jurgen Warnecke, Diredtor; and Dipl.-

Ing. H. Lang, Institut fur Industrielle Fertigung und “ \\\

Fl

Fabrikbetrieb (Industrial Engineering).

.. S
Prof. Dr.-Ing. H.\gfabe. Dean of Fachbereiche fiir Maschinen-
| %

bau (Department or College of Mechaﬁical Engineering - -

includes above 3 institugss).

Dr.-Ing. Jéfg Eisenger., Institut fur Steuerungstechnik der

’

Werkzeugmaschinen und Fertigungseinrichtungen (Department
, of Machine Tool Csh{rols and Manufacturing Control). '\

' ‘ 39 : SR S
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2. Summary of visit: | v ‘ .
o, . ALY - [}
‘ps‘( ’ ! _'. P - .
~- e . . - . »
by Lande's institu 22 doctoral candidates, four |

r

e, B} * o

. - ] . ] ] qf“‘\.._,
machinists,. two research'technlgians. a librarian, an

i-:_ . © v,
L. . * \ inStrumenEVtechﬂician,'tgo secrgtaries,'one draftsman{ g

1

ol . . . . . . ®w?
nﬁﬁgt “janitor, electrical technician, meballographer.and a

= . - 1
\~~_, ) . 2 k .
photogyapher. ° . ) g . o N

— . - . l . n

'There is a Council fé6r Cold’Forming involving universi:

o«

-

e ot at the Institute for Metal Forﬂing - .

* [

Lk

p | v State Support 1s usedfto operate the sc@ool 60-70% | |

-
v . - . s,

& -
7 of research support comes from‘the governme 1gh DFG,

- * 3-5% from indyptry, 5-7% from an Assogidtion of Machine. ° . é
: ! . : .

‘Tool‘Maﬁufacturers._and;lS-ZO% from AIF - an:industrial;

-

group with matching funds fweom gbvernment;~
‘Research activities, at the Irstitpte for Metal Forming
include projects in extrusion, upsetting, heading; coining,

L] " . L " N

f oW turning, deep drawiné, stretch dra&ingi‘bending,

cutting, cfopping. Work materials includé’;iné: stainiess’

steel, titanium, and superplastic alloys.

-
v L]

C. Visit t9 The Technical University of Hanmover, October 22,23, 1973°

. : ¥ . »

*

¢ 1. Important people contacted: . . LT, e

Dlpl{(zzz; Nagel Dr.-Ing. Liebig - Chief Englneer, Lehrstuhl

4

und Ins ut fur Umformtechnlk und Umformmaschlnen. (Prof
- # - - -

49 . cow .
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~Ing. Hans Kurt Tonshoff, Lehrstuhl und Institut,
gstechnik und Spanende Werkzeugmaschinen.

.
“

- .

'Méyér—Nolkemper is actually empioygd by the Drop-Forging '

Association - but his research group has also been ad-

ministrated by Prof. Buhlér. oo )

] " ,

Prof. br.;Ing. H. 'Kettner, Lehrstuhl fur Arbeitmaschinen

und‘FabrikanIégfg\fIﬁﬂustrial Engineering and Production).

L1
+

Suﬁmary of visit: - ' .

[

.
The Drop Forging Re€search Institute, FGS, which is(

o

.éssqciated witﬁ:the Institute for Forming and Forming

Equipment, is funded 50% by the S}op Forgers Assoqiatioh v,

and 50% from DFG and AIF. SRS

L]
3
-

Research areas-in Metal Forming are: Material

»

properties (flow stress .of metallic materiﬁls); cold

forming - sheet metal (béh&ind, roiling. high enefgy rate

forming) drawing-of wire, rod, and pipe; kot forming -

forging, extrusion, HERF; heat treatment methods; behavior

of machine tools of forming.

% ' s . ,
There is also a.Federal .Material Testing Lab (Amtliche

tr

Materialprufanstalt fur Werkzeuge, Werkzeugmaschinen, und
' ! ' N ‘ Y

i

C

\ &




- . - . ' - o0
‘ I . o, ° ‘ ! ~
ah

&

~ |

umformtechnik) in Hannover closely conhected with the. ]

| s

“ - r .
. « . .3 Aniversity.  Three instf%utes ha?ébg;eh appointed to conglict
9y - 3 - -

the lab for the goﬁé;nmentc»'nrv/liebi% is director. The

. ]

. lab is concerned with grinding wheel safety. There are

1}, : various safety assurance labs throughout Germany.
) There are 17-18 co~workers .in Tonshoff's institute, ,

El L g .

and 12 support staff.‘.Six co-workers are funded by the

LA

%% state - the others by outside support. Support by individual
industiies is 15%. Support by associations is more than 15%.

Some projects of interest in Professor Tonshoff's in-
1‘- . - ¢ .

stitute are: Computer study of wear profilegof grinding

_ ) )

wheels, residual stresses after‘machining by electro-

N F
chemical removal, wear of wire saws for cutting rock, a
. 2 “ -

a " - . - - . L ﬁ
. constant strain-rate cam driven testing machine, surface

9

¢ - > - : .
8 o . . ” , . o .
- finish 'studies in turning of austenitic stalnlegs steels.

o .

b, Visit to Technical Univeregity of Aachen, Octcber 25,26, 1973

1. 'Impqrtﬁnt people éontacted:' . _—
L | ) ; Dr.-Ing. Hans G;;bowski, Chief Engineer - Laboratorium fur
g -Weszéugmaschinen'und Betriebslehre. pProf. Dr.-Ing. Walfj}
Eversheim, Lehstuhl fur Produktionssystematik. J "
- 2. Summary of visit:

K . Dr. Opitz' institute is now headed by.three chairs
‘with three young professors - recent graduates of Aachen.
42
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t The other two chairs of the institute besides

. . -

I .
Eversheim's are occupied by Professor Dr.-Ing. W. Konig -

Lehstuhl fur Technologie der Fertigungsverfahren (who also
. & 4 »
functions as’ administrative director), and Prof. Dr,-Ing.

M. Weck - Lehstuhl fur Werkzeugmaschinen.

The lab hgs 350 staff with lO%ﬁgo-workers — 40 of these ¢

[
r

are doctoral candidates.

.

. Research activites under the chair of Manufacturing

. * Processes: Machinability of conventional and exotic

materials, and tool life stpdfes using a systems appré
. (turningt milling, dfilling, grindiﬁglg Griﬁding (éspecia%

h@éﬁﬁspged-grinding): Non-conventional machining (EDM, ECM);

.Development of adapti;e control systems (ACC, ACQO); Types

"of activity similar to those observed in Berlin.

E. " visit to DEMAG A.G., Duisburg, October 30, 1973°

*

1, ‘ferson_contacted: . 4

Dipl.-Ing. Scherf, Director of Technical Services

2. Summary of visit:
Mr. Scherf reinforced the Impressions we got while
visiting the universities. .He confirmed that excellent !

relations exist between universities and industry. He is

. satisfied to let.the universities take a leading role in

the type of research and development; which in the U.S. is

. 43
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generally conducted by industry itself. He likes the idea

- e

_of R&D#peing sponsored and/or carried out by a consortium

of industrial firms, who share the results. Philosophy in-

-

Germany appears to be that proprletary aspects must take a
back seat to c00perat10q§; Wlth regard to the engineers |

currently turned out bx the technical universities, he has
nothing but the'highest prai;g for the? and their qualifi;

cations. Mr. Scherf would like to be kept informed of our

continuing efforts. o

Visit to the BMFT - Federal Mlnlstry of Research and Technology -
Bonn, QOctcber 31, 1973 '

1.

Person contacted: ’ e

Dr. rer. nat. B. M. Kramer ¢ -4

Summary of visit:

Research and Technology holds the purse stripgs,
establishes research needs, and dispenses funds accordingly.
Moneys go to DFG, industry (on a matching fund basis}, )
the Max Planck Institute (basic research), Fraunhofer
Society tapplied reseaIEh). federal research institutes,
etc. It appears the un}versities may be ¥unded directly
aiso. but generally federal moneys re&ach them indirectly
throUgh,DFG'and industry, for instance. In the case of

r

the important areas of NC of machine tools and CAD/CAM,

] . bt
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for instance, the funds go first to the Society for Nuclear
Research, which is terﬁed the Project Carrier. It hands
funds down to the specific area of machine tools which is

-

headed by a Project Associate, in this case, Prof. emeritus’

.
-

Dr.~Ing. H. Opitz, who coordinates this research effort.
Additional research-fundiﬁg comes frdm AIF,'vdWw (Machine
Tool Builders Ass'n.) and the Volkswagen Foundation.f Z11
fuﬁding agencies inform each other of their activities on
a voluntary basis to avoid dupiicati of 'efforts. Hence,
coordination of research efforts%is-not only carried out
horizontally (i.e. agreement among universities) but also
vertically, by all public and privafe agencies.
Dr. Kramer mentioned that patent and use rights of

the Government itself are not.yet well defined and under

continued study.

Visit to DFVLR - German Research and Testing Institute for
Aero-and Astronautics -.Location Porz-~Wahn, October 31, 1973

. pPerson contacted:

Dr.-Ing. H. Barth (Gas turbine research)

2. Summary of visit:
This federal research effort is carried out in
different locations-in Germany, with several institutes on

each location. Cooperation is again evident. Involved
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are not only unfversities, but international agencies from

within Western Europe all the way to NASA. We saw full

size models of several research and communication satellites

which were the culmination of international effofts. Cus-

]

"y .
tomarily, such satellites are heaved into space by U.S. .
: : % I - ,-I
rockets. V/q
. t \
{ y )
_w L]
.- i :\m
\b 1 ' f:; -
4 el ; - ~ *
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BMFT

DFG

DFVLR

FhG

HGF

"Cooperative of Industrial Research Associations

‘Max Planck Gesellschaft - AR

GLOSSARY OF TERMS

¥ -

-

Arbeitsgemeinschaft Industrieller Forschungévereinigungen -

N 1]
Bundesministerium fir Forschuﬁg und Technologie - -,
Federal Ministry for Research and Technology “
Deutsche Foréchgngsgemeiﬁs&haft -7
Gérman Research Association, similar to NSF

"”\ _ . .-
Deutsche Forschungs-und Versuchsanstalt fur Luft-und
Raumfahrt - German equivalent to NASA ) to
Fraunhofer Gesellschaft -
Applications oriented research society

Hochschulgruppe Fertigungstechnik -
University Committee for Manufacturing Engineerin

Research society for basic research SUSENUE

Verein DeutsScher Werkzeugmaschigenfabriken'—
German Machine Tool Builders Association |, x
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~

-

49 - " SR




J ‘ - ' "

A, A Brief Descrlptlon of the Organlzatlonalgsetup of a German
Technlcal Unlver51ty N

1. General Strufture . ' L 5

»

The German technical university functions differehtly'Trom

an ARerican university in several xespeeﬁs. (See Fig. ¥} [1]1. °
. 3 - . .
L

The univereity has neither collEBeE noi_depértments in the Anglo-
.American ttadition. Instea&% the basic functional and‘-administra-
tive unit 1s the Institut. The Tnstitut is more restricteé in
scope than a department, ad@ yet its director generally w1e1ds
mpre power ‘than the U.85. department headjlas will be explained

below. The Iﬁptitut can best be visualized by imgbining an Ameri-

can engineering department, say a department of mechanical engi-

» : -

neering, being dissolved intd its basic components, such as machine

designy the' odynamics, metél.removal, etc., and.conﬁefting each
" h } ' S . . _ . .
into an institute with ¥ts own administrative apparatus. Mechani=-

cal Engineering would no‘longer be an administrative unit, but

+
e

~ would merely remain a-desgriptive cohbept. At the Universit§ of
¥ Stuttgart, for example, mechanical engineering is one of 15 aca-
- " -~

demic directions (Studienrichtungen), some others being civil engi=-
neering, eiecttical engineering, etc: Naturally, the institutes |
tend to be quite small, and there are over oOne hundréd of them
at the University of §tuttgart alone. Several institutes are bun—‘
dled into divisions (Fachbereiche), such as energetics, manufac-
-turing engineering, process engineering; and there‘are 18 Fageh-
bereiche in M.E. If the division of manufacturing engineeriﬁ% is

singled out, one finds that it is made up of eleven institutes, some

. . J'4 _
of which do not appear t0 have a direct bearing on manufacturlng.
50 -
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N ACADEMIC STRUCTURE 0£ THE UNIVERSITY OF STUTTGART
NITH EMPHASIS ON NANUEACTURING ENGINEERING

STATE MINISTRY OF. CULTURE

—= . [RecTOR}

| © [sEmaTE]
15 MAJOR ACADEMIC DIRECTIONS (STUDIENRICHTUNGEN) :

|AAE| |INFO E| |MATH| |CHEM-METY | ME | [HUMANITIES| [PHYCS| | + OTHERS
ml , 7 — A . '
‘ / N ) :‘ /// c\ : N x
| A - /’/ /A \ [
\ / / \ '

18 AREAS OF SPECIALIZATION (FACHBEREICHE) - EACH HEADED BY A.DEAN :

AAE , NATH ‘ENERGETICS NFG NETHODS HUH PHYCS + OTHERS|

N N /P TN A. A

AN /N //\‘\ \ AN |
RV N I A SN VR U SN
. 109 INSTITUTES TOTAL I
) / / \ N\ ~
% /@6 INMEN . N .
’ ,/’/ ) ‘ N N . |
o /‘ 4 \ . f AV
R ) / \ N
5 OE-THE 11 iNSTITUTES OF NANUFACTURING (NITH PROFESSORS)
: / \ N \ . N\ ‘
[E\ DESIGH & PROD, | » METAL NACHINE CONTROLS OF
\ IN PRECISION E FORMING TOOLS, _:=' MACHINE TOOLS
WARNECKE STABE - LANGE ‘ TUFFENTSANNE STUTE
+ 17 ASS'TS\\\ + 8 ASS’'TS + 25 ASS’'TS| | + 31 ASS- + 31 ASS'TS |.
- TS
-~ / -

,, ¥ ‘\ ™~ -

§ SECTIONS OF METAL FORMING INSTITUTE NITH ASSISTRNTS AS HEADS :

BASIC APPLIED
ASMINISTRATION LéNSTRUETION " | RESEARCH | REEEARCH

Fie, 1 S




Those haying to dqfdirectly with mahufacturiﬁg are indicated in

{/ Fig. 1. The Pachbereich is presided over by the dean, who is

elected from amongst the institute direq&ofs of the particular

W

division for a two~Year term. AS primus inter pares, he has véry
little/gﬁwer. Customarily thg direptor‘is the sole profeésor at
the.instituﬁf, apduﬁs able to develop his institute according to
his own, taste, interests, capability, as well as the opportunities
provided by the prevailing economic needs. It is thus possible.
that some institutes may grow to be qulte large, and rival American

englneerlng departments in size.

. J .
2. Organization of the Institute

. ' The professor (institute director) relies on.his staff of
wigsenschaftliche Mitarbeifeq and Assi?tenten (scientific o~
. - workers and assistants) to shoulder Pany of the responsibilities
/ ! in the administraﬁion.of the institute and to carry out and super-~
.. ViSe research. *Théy act as heads of sectioné such as inétructién,
' ;pplied research, basic reséarch, and administration as is the

o

c&se at the Ingtitut fiur Uﬁformtechnik (In;titute for Metal X
. ‘ Forming) of the University of Stuttgart (Fig. 1), for example.
Different institutes have differeﬁt sections gccording to their
missions. The assigﬁaﬁts, in typm, may have assistants of their $ -
own, who are usually students pursuing the Diplom Ingenieur s
(approximately equivalent to the M.8.). " In addltlon, there is an
impressive support staff, which includes secretarles, machlne shop

technicians (usually 3 to 5), draftsmen and degigners, and if need .

J be, metallographers, and photo.lab perso "

'; 52
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3. Qualifications of Institute Staff

The director of the institute, who enjoys the academic title

Ordinarius .(0. Prof.), is called by the university to f£fill the
vacant chair of the institute. More precisely, the university
., makes a reCOmmendafion, and the call is issued’by the ministry of

culture of tlie state which supports the uni%ersitx. This act in

-

Part explains the power of the Ordinarius within the university:

]

He is hired and paid by the state, and not the university. 1In
engineering, the call will usually go to a professor of'another‘

university, or a highly successful engineer in industry. For an’

engineering professorship, several years of industrial expefience
~gained in a leadiné industrial position are a requirement. It is
customary to pick a man with a doctorate, although this dées not

appear to be a requirement. He is a recogniged leader in hisc |
field, one of the foremost expérts in the area oif emphasis of thé
institute. Before an interested'candidate accepts t?e,job, he

enters into negotiations with the state, in order to lay d9wn his

* a

conditions. .,He will negotiate for Money to-build up the institute,

library funds, etc. If his conditions are met, he\ takes the job.

It happens, on occasion, that the negotiating ties cannot get

together, in which case a'different gandidate must be found. The

\

"professor is a civil servant, qﬁd thus has the ultimateiin job

~

security.

” . .
The wissenschaftliche Mitarbeiter and Assistenten generally

have.their Diplom-Ingenieur and.are candidates for the Dr.-Ing.,
‘the equivalent to the Ph.D. There are assistants, howevef: who
have completed their doctorates. Although aséistantships can be
1 P , '
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made him Highly desirable to industry. Besides, throughout. his

-
g .o
.

oy

$

S ) . . ,§' L . ) .
compargd td assistant profes or%hlps, they are not permanent. It

W ¥

should be emphasized that most German doctoral cand Etés in

.

. engineering, unlike their U.S. counterparts, are ndt considered

" to be students. They have no_cpursé reduiremgnts,/and the attain-

ment of the degree’js solelyédependent upon the dissertation.
\-.—- . * . - . & "
Some assistanfs hecome so inwolved with instithte work, that they

. S
never complete a d;;;grtatibn. In this case, the years spernt at.

"

the institute are not considered to be lost, oh the gontrary:

"

the assistant hagihad the thance to build his visibility with in-

dustry; and his a?ministrative and engineering activities have '

L

tenure as assfstanﬁf he is paid according to the industrial pay,

L
scale, i.e. about $1,000 per month.

]

4. Financing of the Institufé_ - , LY

The institute receives its operational budget diredtly from
the state. This supports the director, a few of his assistants,

the support staff, office supplies, etc. Additional assistants .
. 3 r h

are funded from research. Résearch support-comes from government

as well as industry, as exp%ained below. Machinery in the labbra*

* [
t .

tories is given or loaned by industry. In fact, machine tool

-
1

manufacturers are eager to place their hardware into universipx

labs for advertising purposes. Industry is also occasionally

+

asked to donate materials and supplies not bﬁdgetedi

i o
A [

a

5. Teaching at the Institute

In general, lectures are the respbnsibility of the Ofdinarius.

RN
This certainly applies to required courses and consequently to”
P N
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courses contaiged in ‘the Options; (See Part B for explanation of
- ) - ) - > J
options.) Assistants are involved in preparation and updating of

. @ ¢ . . '
% . lectures, however, and lab instruction and supervision is their <

responsibility. It is'standard practice’ to invite guest lecturers
from industry, who will discourse on their areas'of specialization.

They may teach for an entire semester, or come for % day 6nly.

<> A

There exist different types of ‘these professors and lecturers, and

' . it is beyond the scope of this report to devote tfme to the de-
scription of the differences. Suffice it to say ‘that nqﬁe of them
have the status oé the Oréinarius.

,_,,f} It should be emphasized at-this poinp phat enginLEfiqg edu?a—
- tion is very much applications-oriented and geﬁerally geared so

- thatﬁéheﬁgraduate from the Institut can be productive immediately“
upbn entering industry. This is ©f course due to the industrial

- - . y
exposure which the professor bfings with him to the university.

He alsp brings with him good contacts in industry, and companies
-provide the institute with research contracts (see below). Since’

this type Qf research will necessarlly be of”’ the applled tf%e, and

K

SLQFe research affects LnstructAOn, englneerlng education has
asgumed its applled flaveor. 1 ustrﬂ\;as a high degree of apprecia-

tion @%r tﬁe epgiﬁeerskturneq out:by the universities, and-has

come to expect from thé universitits that they-éontinue tq produce,

englneers of this @ualhty

hl ' i

C00peratf%n among 1nst1tutes appeafs to be widely practiced
and théTe is llttle ev1denée of a "go it alone“ {Ffltude. 1£

lities, aé% they

LI
draw upon each others' expertlse to provide thelr.students.w&th a

feas;ble, and whenewver pract1cal they ;hare fac

Ox
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well=rounded engineering education. The curriculum for metal
forming, for instance, .which will be described in a later section,
i

places considerable emphasis on materials science in recognition

™ .
of the fact that material properties as well as mechanical aspects

-

play_a maJOr role in the processing of metals Materlal science,

r 3

however, is offered in the*Institute for Metallurgyﬁ»~—

-

If the need arises, institute staff members are recruited

-,

& from different areas. As an example, control of’'machine tools

Lgvolves con$1derable electrical engineering know-how. It is thus

1

$1gn1f1cant that generally about half Kf the assistants worklng

in this area are electr1cal engineers. \In"fact, the director of

. I'l » R . \?.
the Institute for Control of/MachnevTools at the University of
Stuttgart (Fig. 1), is an electrifal engineer himself.

Ey-epd large, good and fruitful relations are cultivated .

A

.
betweequhe professor and the former student now in industry.

-

. ' ) ) ) ) ) ) Ja )
N This of course is 'instrumental in maintaining the inténsive
s .

-university/industry interaction generally found in Germany, which

is enlarged upon in the .section dealing with research.

B. Education of an ME Student Specializing in Manufacturlng
Enganeering at a German University .
’ ' o N
1, Qualifications of~Student3 '

Graduation from hlgh school (Abztur), which ends 13 years of

primary and secondary schoollng, quallfles the. student for a uni-

versity education. He brings with hirhg substantial exposure to

liberal arts (world hietOry, a}tmand music appreciation, philosophy,

rhetoric) including the knowledge of at least one foreign language.
Generally, he has a working knowledge of English and/or French.

- ' -2
T I 56 ) .
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Thd engineering student is therefore not required teo takg~dny
coursework of‘Lhis type, but will start out with science.courses
immédig:ély instead.“%e genefally has had mat? throagh calculus,
physics, and chemistry. The fact that he has‘had'one additional
year of pre-university schooling than his U.s. coﬁ&terpart in
;onjunétion wité a more demanding high schocl education usuall;
puts the German high school graduate at the beginning Junior level
of a U.S. unibersi%YJ/-For‘é more depailed description of high

sghool educaﬁion in Germany, see [2].

a

o
2. Pf%ctﬁcal Experience {Praktikum)

-Befofe he can obtain his degree, the engineering sthdent is

required toﬁggend at least- 26 weeks in industry in order to ¢ain

»
-

some_pracézbal experience in his area. Evidence of 8 weeks must
be présented.by the student at his matriculation [3].

The purpose ofhthe'experién is for the M.E. student to
acquire knowledge of the ori;in zid_refinement'of Wworkmaterials
as well as their fabrication, and to gain, an understanding of the
‘p;oduct, i.e.-ifs structure, and how it functions. The student is
not expected to deveiop skil)S. The student is also to become
familiar with organizaéioﬁal aspécts-of industry as weli as the
attitudes and;behavioral patterns of workers. |

The experiénce the student gains should be structured as
follow§: ‘

1. Manual working of materials’

. 2. Work with machine tools —~ metal cutting and forming

3. Model building, foundry

o7
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. e
4, Heat treating, welding .
\E;/ Measuring, testing, quality control
6. Assembly and repair - ' . D

The responsibility for training the student lies with the
companies alone. The universities provide the guidelines only,
and exercise no control. It is recommended that the student work

>

at moré than one company.
L

The remuneration of the student generally is marginal to non-

existent in the initial phase of the program. After he has
. _
attended school for a number of semesters, and can he productive,
. F.] .

his pay is increased.
The student is required to report on his activities, observa-

tions and experiences in writing. He ig expected to present proof

of his training activities to the university, and the company

issues him a rgport card for this purpose. , .

&

The Zurich Model [4] - The conventional Praktikum degscribed

above has come under attack By the universities since a lack of
control by the edﬁcators over the program ﬁaé resulted in non-
uniform training among students. Some companies'tak? the Praktikum
more seriously than othefs, but‘some individual supervisors may
fail to do a good job. ,

L] L] L] L] l L] L]
In answer to this situation, German technical universities

are taking a closer look at the "Zurich Model"”, a more efficient

'version of the conventional Praktikum introduced at the Instifut

flir Werkzeugmaschinenbau und Fertigungstechnik of the Technical
University of Zurich, Switzerland. Special features of this pro-

gram include briefness - 18 weeks as opposed to 26 for the

98
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conventional program - and greater‘efficiency; although the
objectives remain essentially as outiined abové. Efficiency is
-achievgg by conducting the Praktikum in|£wo parts: 1. Thebe is
a strqctured-cburse of 6 weeks duration with only enougl’ flexi-
bility to allow for varying facilities or éaﬁabilities. ong
companies. The course is run by industrial instructors on location
in'industry, ;ith é many as 8 studeﬁts per ciass. The instructor
himéelf is trained by the university. 2. The balance.of the 
Praktikum is spent in free, unstructured tfaining of the student.
The reaction to this expefiment‘by the participants''is re-
. ported to be generallylpositive, and Swiss industry has taken on '
the added financial burden with no hesitation.

The Praktikum ;ay lead to additional summer employmept for
those students inte%ested in gaining further experience And
sgpplementing their income‘ Cﬁ-op programs, on th otﬁ;; hénd, é;
they are practided in the United States, apparen y do not exist

in Germany.

3. Curriculum

The description of the academic prograﬁ which follows is
_ basé@ upbn the curriculum of the University of Stuttgart [l,ﬁg. It
2 . has been f&ﬁnd thaé the other eng;;éering schools in Germany fﬁllow
. the same pattéfn of engiﬁeering education, thus pPresenting a
speciﬁic progrém aS'gxample is justified. Academic standards do
not vary to-anyjexﬁent among engineeriné schools, so that transfer
bééween universities involves few compiications.

The goal6f the entering student is to obtain the degree of

Diplom Ingenieur, the first of two possible dcademic degrees.

59
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The secdbnd degree is the Doctorate (Dr.-Ing.).” The Diplom In-
genieur corresponds roughly to the M.S. in the U.S., as indicated

earlier.

The academic program falls into two parts {(Fig. 2), each of "’

,wh%ch requires a comprehensive examination. . The first part covers

four semesters of general course work, common to all ME programs,

L |

which provides the student with a theoretical background (Tédble 1).
. . . ‘)\ .
One major and several minor plant trips are also included. The

student must Ppass the compréhenéive examination covering this )
materfaf to éompléte thfs.phase. Only then can he get credit for™
" the remaining semesters, and complete his degree work.

From the fifth semester on through the eighth and beyond,.the
student is pursuing a m;jor (Studiengang) of his choice, say# -
manufactpring engineering. Within this category he has to select
two Optgons (Hauptfieher) cbhsisting of a number of courses each -,
(14 semester hours).,, and sixvrequired courses (Pflichtficher) of

four semester hours each. The areas of specialization in M.E.

are given in Table 2, and the options and electives in manufac-

; * ¢ .

Within each of the two optidns, the student selects a number

turing in Table 3.

of courses. The six required courses, which can be called elec~

tives, are above and beyond the courses contained in the optdions.

Specifi&ally, a course is’ to be selected from each of the six

-

areas listed in Table 3, provided @ choice exists: '

LY

Comparison with Fig. 1 shows at each of the options repre-

Il

sents a different institute, as do ‘the elective areas.

60
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CURT;EEEPM LAYOUT" IN MANUFACTURING ENGINEERING AT UNIVERSITY OF STUTTGART -

;EMESTER 1 2 3 Iy 5 | 6 "7 8 O+
PARTS , 1 SELECTION OF FHO OPTIONS FROM: _
oF " BASIC BACKGROUND . : 1. MATERIALS PROCESSENG (FoRMING) |- °
0 - - .| <27 CONTROLS ENGINEERING _

COURSES COMHON TO ALL M. E.. S ACHINE TooLs '

ACADEMIC o ‘

| STUDENTS | b, ;INDUSTRIAL ENGINEgglmq
(PROGRAM | .~ PLUS SIX ELECTIVE COURSES REQUIRED | .
Y . ‘ - ¥
o _ INTERMEDIATE Q - | FINAL
Tl Exams. || . ‘ “ | COMPREHENSIVES |* CoMPREHENSIVES
o - " (VorDIPLOM} - : . (D1PLOM)
| ] — — , , :
' . - SEMINAR PRESENTATION oLPLom
: - ) ‘ . . 0
PROJECTS - o PLus MaJor TECHNICAL PROJEE% - Eéis
- : H
~ In EagH OF THE\INO OPTIONS .
MAT' Ls PHYSICS FLecTs ) © ONE LABORATORY CONS!STINé
LABS |-  MAT'Ls ' OF Ten ExPerIMENTS IN EacH -
TESTING ; Ence, p | :
TESTING | ‘ ( OF THE Two OPTIONS o

Fig.-2




CURRICULUM FOR)FIRST FOUR SEMESTERS FOR' MECHANICAL ENGINEERS -
(UNTVERSITY OF STUTTGART) '

\
SEMESTER HOURS

' INTRODUCTION INTO MECHANICAL ENGINEERING 2
INTRODUCTION INTO LAw //” 2
EconomIcs : . LT 2
INTRODUCTION INTO STUDIES OF ENGINEERING SCIENCES 2
DESIGN OF MacHINE ELEMENTS & STRENGTH OF MATERIALS 21

~ ADVANCED MATHEMATICS L IR
" MEcHANICS 17

THERMODYNAMICS . -

.
o

» DESCRIPTIVE GEOMETRY

ELECTRICAL ENGINEERING . -
MeTROLOGY , _ ,

<

]
oy e
T\&:mmmmm/.t:m‘
. ‘ 7 ’

*,- . PHysics - . ®

g

GENERAL CHEMISTRY 4 .

-
N

? MATERIAL ScIENCE |
MANUFACTURING WITH PLANT VisiTs  © Coe s
: # v . ..

SEMESTER ConTAcT Hours up To PrRe-DipLoOM

-er

)

‘CURRICULUM FOR AREA OF SPECIALIZATION

- 6 ELECTIVES * . 24

ProJECT IN ONE ELECTIVE . / ’ 3

FirsT OpTIoON ' 7 ‘ 20

PROJECIvﬁbR FIrsT OPTION .. 'f 6. A

SEQbND,OPTION : ‘ - 20 .ol

PROJECT FOR SECOND OPTION - ‘ 6

DipLom THESIS N S . B

ToTAL SEMESTER CONTACT HOURS ' 195 3
Q 62 - \
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- 8 AREAS OF SPECIAL#ZATION IN MECHANICAL ENGINEERING
r N (UNIVERSITY OF STUTTGART) '

L4

ENERGY ENSINEERING "
ENGINEERING PHYsICS

TRAFFIC ENGINEERING . ¢
MANUFACH{?NG ENGINEE?INQA -
PRECISION ENGINEERING )
MACHINE DesiGN -

MeTHoDs BNGINEERING

PRocesé‘DYNAMICS AND PRocess-CONTROL

} s s

{

A

--For MACHINE QESIGN: FOR EXAMPLE, TYPICAL COURSES ARE:

rL

. STRENGTH OF MATERIALS

MachINE Dynamics
- _ VIBRA‘TIQNS/ ‘ |
TRANSMISS TONS K
‘HyprAULICS
INDUSTRIAL ENGINEERING
! . THEORY OF AuToMATIC CONTROLS
 Hear anp Mass TRANSFER

DATA PROCESSING \

: MacHINE TooLs

PLus TWo OPTIONS, IN WHICH ONE OR THE OTHER OF THESE

N : COURSES MAY ALREADY BE CONTAINED
TaBLE 2
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OPTIONS IR MANUFACTURING ENGINEERING
(UNIVERSITY OF STUTTGART)

-

. METAL FORMING
AUTOMATIC CONTROLS -
. MACHINE THOLS .
INDUSTRIAL ENGINEERING

_ ® 6 ELEETIVES cHOSEN FROM: .

VA
~1)Y 82y .A.: MeTaL ForMING
" s> -B, InTRODUCTION TO CONTROLS ENGINEERING
AuToMATIC CoNTROL OF MAcHINE TooLs
¢, MacHine TooLs

D. INDUSTRIAL ENGINEERING

3) METROLOGY |
-4y ScienNce oF MeTALLIC MATERIALS-.
> STRENGTH OF MATERIALS
- _ 5) "CompuTER LAB & NumERICAL METHODS

6) A, MANUFACTURING METHODS OF PRECISIONf:'
ENGINEERING o :

B, MacHINE Dynamics
C. VIBRATIONS

D. AuToMATIC CONTROLS
E. INFORMATION THEQRY

TABLE 3
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. The coursework of the second part is specialized, of course,
and is intended to provid%bthe student with the opportunity to
gain in—depfh knowledge of selected topics. This ig pd3rticularly

true of the options. Ih'eacq of the two optibns and in one of the

L]

six electives, the‘stuﬂent is rCQuired to carry out a‘major
technical project. In general ﬂe is -to work 1ndependently and is
to submit a report descrlblng his endeavors and flndlngs' He thus

M f *
has three reports in total. As an example,'th;\ngg?nt could  in-
i . \1 R - -
volve himself in a design project for one of these projects. A

] . . .
seminar—ﬁype presentation is to be made of one of these projects.

Each option also }nd&udes a lab course with ten‘exReriments. .

Tables 4 and 5 show options in metal forming. One is pri-
: ' 7
maxrily applications (production) oriented (Table 4), thge other
. . o

stresses basics. A comparison of’these optians reveals a few
interesting fegtures. The productioﬁ option heavily stresses
ﬁmachin too)}s -and topics related to controls of :échine tools and

autonia .  The fundamentals optiaﬁ, on the other hand, is more '

theoretical in nature, and places substantial emphasis upon -
. * %

"materials. It is clear that in each case metal forming is pre-.

senﬁé&min context with a larger picture. The production-oriented

engineer is interested in the process itself, and is thus involved

.with machines. The engineer dealng with basic aspects of forming

is concerned more with the behavior\Pf materiais, in addition to

the processes.” :
The student has two more efforts left to fulfill the require-

ments of his degree. These are the final cdmprehensive examination,

and the Diplomarbeit (comparable to M.S. thesis). He must have

\ . 65
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I. OpTion “MeTAL FORMING - PRODUCTION” AT THE INSTITUT
FUR UMFORMTECHNIK, UNIVERSITY OF STUTTGART
SEMESTER HOURS

?( ARJéyIREMENTS:

FUNDAMENTALS OF METAL FoRMING

.

o5\
MacHINE TooLs oF MeTaL FormIne 2

SpeciaL Topics.IN ForMiNG PROCESSES
REGARDING PRoDUCTION & DBVELOPMENT 2

4

, MB\ 4 HOurRs TO 'BE-SELECTED FROM

4 (  SeectaL Forming MeTHODS (
THEORY OF ALLOVING - NONFERROUS MeTALS
ConkroLs OF MacuINe TooLs

b MacHINE TooLs '

SysTEMS ENGINEERING o

RO RO RN W JIr N

i"' AUTOMATION

STATISTICAL QUALITY CoNTROL

-

v C. Seconp OpTION FROM Y . - |
AutomaTic ConTRoLS,
MacHINE Toots
INDUSTRIAL ENGINEERING

D. RecomMenDep ELECTIVES

(’i.Z. ELEETIVE FROM AREAS NOT SELECTED As OPTION
N3, MATERIAL SCIENCE T

CT — 4, ComMpuTER LAB & NuMmERICAL METHODS
# o :
E&;Q ELEGTJyg FROM APPROVED LIST

~ o TaBLE 4
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N\

OpTron “METAL FORMING - FUNDAMENTALS” AT THE INSTITUT
FUR - UMFORMTECHNIK, UNIVERSITY OFISTUTTGART

. ; SEMESTER HOURS
A. REQUIREMENTS: |
FUNDAMENTALS OF METAL FORMING 6 -
qfiiﬁlzys OF FORMING PROCESSES BY
THEGRY OF PLASTICITY 1
MacwInNe TooLs oF MeTaL Forfiine = 2

B. 5 HOURS TO BE SELECTED FROM
SPeEcIAL ToPics IN ForMING PROCESSES
) S
MATERIALS SCIENCE
e
STRENGTH OF MATERIALS
THEORY OF WEAR

MY R NN

JHEORY OF ALLOYING --NoNFERROUS METALS

THEGRY -OF ALLOYING - NONCONVENTIONAL
METALS o * )

SYSTEMS ENGINEERING
Apvancep MECHANICS

i

C.” SEcoND OPTION FROM

' MANUFACTURING ToPICs
MATERIALS

I. RecoMMENDED ELECTIVES
CoMPUTER LAB & NumericaL METHODS
MATERIALS SCIENCE
SCIENCE OF PLASTICS
STRENGTH OF MATERIALS
/”E\ ~
Lus ELECTIVES FRoM APPROVED LIsT

TABLE 5
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passed the examination before he can g&t credit for the Diplomarbeit.

) . . X &y i )
The examination covers both options ;%@;the elective courses, and

the three projects and the thesis are evaluated as part of the

" exam. His thesis work is carried out in one 0of the options.

"
Since the projects and the thesis are quite time consuming,

.it-is unlikely that the student will finish in four years. The

more frequentily encountered norm is six years.
When e student leaves the uni rsi;i, he is a licensed pro-

fessional engineer, for his Diplom is his professional engineering

cégﬁiiicate. | ;
. 4

Research in Manufacturing Engineering

~ Research at the university cannot be considered withoﬁt

observing the research picture in Germany as a whole. There : ) .

. } 1 .
exists a high degree of interdependence between unhiversity, in-

dustry, and federal government regarding research effoits. As we
expand into this. gubject, it might be of interest to start out by

indicating briefly the agencies involved in research beéesides the

universities, regardless of the research thrust.

!

1. Research Organizations -

e

Max Planck Gesellschaft (MPG), [6] - The 52 institutes of /P\
N

the Max Planck Societycxestrict their efforts to basic research.

They specialize in tasks which have to be carried out outside a

L ? ’ .
university, and which are preferably concentrated in one location. .
- .

-

Nevertheless, close ties exist betweEh the Society and un1versxty

- 7 o

research, as evidenced by frequent shifts in personnel in both

‘directions, and cooperative research endeavors. Due QE its

63
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o achle%ements, it enjoys an excellent worldw1de reputation.

o

‘ ' . N B - . 3

. .

. .. a .
¢ . o .o

For

”Example, one of the reciplents of the 1973 Nobel Prize in Medldlne

is a member of the Max Planck Instltute of Behavioral Phy51ology

of the Society, the balance coming from industry and researiP

contracts.

Praunhofer Gesellschaft (FhG), [6) j'%

agency admipistering app&}ed research.

»”tween MPE and 1ndustflal research.

1

groups carry out researqh contracts from 1ndustry and gOGernment

- r

2
+

13- Society serves as

Th

Its 30

1n addition to thelr own projects.

.

FES

-

Federal and_State.governments prOVlde about 90% of the budget

\

} L
s it can be considered

to be the applied counterpart to the MPG}“aﬁﬁ £ills the §ap be;\”y/

L ’ .
%iifjkutes and research,

I3

s

+

Funding
ments,

Cooperation

’

and the pri

1nst1tutes are atta@hed to university institutes.

ovided by the Federal Governmént, state govern—

ate - sector. . i - LT

ith universities is close, and a number of ite
r ¥

For examplé,

LN

. thg FhG Institute for Production Methods and Automatlon is

attaghed to the Institute of Industrial Engineering, University

+ : ' L3

of Stuttgart. v

. One of the institutes of the’ PhG deserying Special a&%ention

- ¢ _ .
is the Institu;é for Systems Technology and Innovation Research,

o

ISI, which was founded in 1972 [7]. It concerns itself with

1. technology assegsment by dynamic simulation, 2. innovation. ;-
. ' - L

G‘ N -
reséarch analyzing the mgchanisms of technological progress, as

!

conducted by MIT, Harvayd, Stanford Research Ihstituté, A. D. 7

Littletlétc., in the U.s., for exémpie, and - 3.

s

technology transfer
69 .
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!

" (DFVLR!,

‘ Eﬁird parties.

Héiied at developing certain goods and services, aé promoted by

B

the Experimental R&D Incentives Program of NSF in the U.S¥, fdér .

\

*Arbeitsgemeinschaft Industrieller Forschungsvereiﬁigungen N

o

example.

(AIF} {8) - The consorfium of Inaustri;i Research ﬁssoéiations_
coordihates the research efforts of 35 or so member-associations
represeqtinglindustry; whose research interests afe‘strictly of an -
'applied nature.

L wenet

PEE— . oy { M . N . ] ]
t&fég/llhb'%hose of the FhG and the unlver51t1es. Associations

Research contracts are awarded to research insti-

paftlcqlarly 1mportant to unlversﬁé; 1nst1E”£es conductlng resjarch
{ Al
"in the a;ea§?of metal %uttlngj machlne tools and control of machine

tools are \lh{German Machlne Tool Bu1lders Assoc1at10n (VDW) and

the Research Association forﬁProgram Languages of Manufacturing

e -
'

Systems.

4

Funding is provided by industry; of course, with additional

moneys supplied by the/Ministry of Economi . ' '
Deutsché‘Forschungs-undVersuchsdnstgizr;;; Luft-und Raumfahrt

{9}

- The Federal deernment sponso a number of major

hithexpenditure research projects, which are generally carried out

by the MPG, universities and industry.

» el
research program, Mata processing prodram, and the aerospace

These include the nuclear

£
program. The latter is of interest, since it is the only program

with its own research organiiation; the DFVLR, the German aQuivalent
to NASA,' Thls organlzatlon consists of 40 research instituytes
which are funded by Federal Government, state gziernments, and

The DFVLR concentratgs oi/;fchn logical R&D, whlle

-63- o :




/6\ ) |
) ) i i

)

" the MPG and/::ij?réities conduct basic aerospace research. The
cooperation tween all of thﬁse groups is, of course, quite cloge.

o«

2. Agencies @io_i@iquResearch Funding )

Bundeaméﬁfggerium'fﬁr Forschung wund Technologie (BMFT) -

Basically, researcﬁ is funded by Federal and state govefnments,
industry, or both. The most-prominent source is tpe.Federal
Ministry of. Research and Technology. Alfhough a number of Federal
ministries is involved inlproviding research funding, such as thel
ministries for finance, economics, defense, and transportation,

v,

the overwhelming amount of research. money is appropriated by the

n

BMFT-. Formérly all matters regarding reseaXch and technology were
o [ -

administered by the Federal Ministry of Education‘-and Science.
RecenﬂQXJ,the BﬁFT spun off from Education and Science, and es-
tablished itself'as'an independent miniftry, s0 that Education and
v . - - "

Science as well as Research and Technology are now both represented

'aﬁ the cabinet level, each by its own secfetary. ‘The BMFT estab-

lishes research priorities and needs, and dispenses funds accord-

ingly. Recipients are research agencie$ whdse Projects are funded

~directly due to their substantial financial involvement or mission,

e

such as MPG, FhG, DFVQB, and universities.

Tl

Deutache Forsgxangsgeméinschaft {(pFG}, [10] -~ The most' impor-

t

tant agency‘supporting the research effort at universities .is the
German Research Association, the German counterpart to the NSﬁ/}

Thls 50 year old organlzatlon supports research in all- dlsc1p11nes,

' especially bhasic research, basic research oriented towards appli-

cation, but also épplied research. It apparently is not involved

S 7k
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with major research efforts which are carried by the BMFT

directly. DFG moneys are supplied by the Federal and state

government:!in'about equal proportions, as wellsﬁs industrial

foundations and others. 1In 1971, about 95% of the DFG D-Marks

came from the governments.. 'The budget has increased from about

lOOJMillion‘DM in 1962 tdfébqut 380 Million DM in 1931raand.need$

of 876 Million DM"havelbeen projected for 1974. |

Moneys are appropriated in three general categories:

a) - for individual research projects baséd on their nerit
without consideration of currént research trends and
priorities (Normﬁjyeyigifen);

- b) for projects whose*objectiveé are in tune with 're-

y cgordination and consolldatlon-of SClentlflC man-
" W\ powexn and unlver91ty facilities, - enabling work on

special projects of considerable magnltude and cost.

N Industrial Foundatiohs - In relatively . recent years; indus-

trial foundations have beéun to shouldér.sdme'of the burden of
financing research [6].. The foundation mentloned most. frequently
in conne L;on with research in the area of Manufacturing is the
Volkswagen Foundation'(Stiftung Vokswagenwerk) Although the in-
volvement! of the fonndatlons is modest asdgompared to that of the

governments, thelr part1c1pat10n in the research efforts of Germany

-has been w1dely welcomed by reSearch institutions.

. ' 72 |
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3. Research at the Manufacturing Institut

Currently, manufacturingﬂor{ented instituteé exist at ten
German universities., Within the field of manﬁfactuéing engi-
neering, strong emphasis is placed upon metal cutting, nachine
tools, and machine tool controls. All four universities visited
were heavily engaged in these activities. This fact has historic
roots in the establishment of a chair for machine tools and in-

dustrial engineering at the forerunner of the TU Berlin shortly

after the turn of this century, as the first chair of its kind [11].

This precedent helped to launch manufacturing engineering as one

L
of the most important mechanical engineering activities in

Germany. The research effort in the area of manufacturing can
best be illustrated by the number of-assistants at the insiitutes,
since the assistants generally are involved in research. One fre-
quently finds upward ¢of 20 assistants in these institutes (See
Fig. 1), with as many as 100- at the Laboratorium fur Werkzeug-
magchinen und éetriebslehre, Technical University of Aachen. To

manufacturinyg engineering circles in Germany, this emphasis is

.natural in light of the fact that 10 percent of industry is
- q 3

directly involved in machine tool building, and- 920 percent -0f the

remaining industriés>are involved in manufacturing 'in one form or’
another. )

Since 1937, the majoritngi'the'manufacturing institute
directors belongs to the Hochschulgruppe Fertigungstechnik tHGF),

the University Committee for Manufacturing Engineering. The aim

of the HGF is to coordinate research in the area of manufacturing

engineering and machine tools among the universities to promote

73
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scientific work by mutual information, and to cooperate with
Federal and sState instithtions and industry in the planning and’ ,
execution of reseaigp Projects.., Further coordination of research -
efforts across national boundaries is attempted by C.I.R.P.' Thus,'
by dividing up the ‘research effogt among-the universities, compe-
tition for funding is substantially reduced‘and duplicatioﬁ in
research minimized. Nevertheless,.overlap'in the he;vily empha~
sized field of CAD-CAM {(computer aided design and computer aided
manufacturing} is-present, as ééch of a number of schools work on
different systems to accomplish similar goals.

Interestingly enough, fthére is no recognized quality gradiint
among universities, as Ehgy appear to consider each other as
equals. This attitude facilitates the kinﬁ of cogperation just
described; The clpse%goupling'of university and induystry in re-
searﬁh incorporates certain features which are worth pointing out.
First of all, there appear té be few, if any, indusgtrial m?nufac— -
turing research labs in Germany, since indﬁsﬁry relies on univergi-
ties for much of its research needs. This has provided univa;sities
with technology leads over industry in certain areas, especially in

-

CAD/CAM. The universities appreciate their position, and are
anxio&s to maintain it by continued gooa cooperation with industry.
The funding provided‘by industry may involve government monéys (up
to 50 percent) if the work qualifies for national need status.
Additional sources for funds may be the AIF, VDW, and foundations'
The manufacturing research effort is not sblely dependent
upon projects provided by industry, however. Independent research
is also evident, with financial suppﬁrt from DFG and foundations.

Generally, doctoral research is found in this category.

. -67. y
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Industrial Gssociations may also find it heneficial to :
establish research institutes at universities. These institd%és,

although staffed and funded by the associations, become firmly

'_attached to an academic institute with similar orientation, and

L-J

are administered by the director of the academic¢ institute. The
institutes generally sharg common facilitIes, and the industrial
institute participates in acédemih activities .such as offering

courses and university-related research. It is interesting to

note. that the industrial institute is referred to as an instﬁtute

- hl

at, while the academic institute is an institute of the university.

An exaﬁple of such an institute is the Research #8tation fop Dfép

.- Forging (Forschungstelle Gesenkschmieden - FGS) established by

the German Drop Forging'Association (Verband Deutscher Gesenksch-

mieden) at the Technical University Hannover [12]. The FGS is '

-

funded‘SO percent by the Drop Forging Association and 50 percent

by DGF and AIF.
T F-]

‘Qverhead - Due to the independence of the university "institute,

the financial and administrative aspects of research are guite

simple. The university needs no research office. The professor
. "u‘&‘l
is his own research dirgector, and is in gole charge of obtaining

. . L)
and administering research. Overhead costs can thus be kept quite
low, since they have to support the institute only. It appears

LCH _
that no overhead charges may be attached to government research

funds, and the institﬁte may thus have to go back for additional .
o

money in case of cost overruns. -.Nominal ove:he§d charges are
4 B ]
included in industrial research contracts, however, so that the
K
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_institute budget remdins in'tﬁe black. It is also accepted

practice for tﬁé professor to pocket a small percentaée of the

contract funds for hig own personal,.unrestricted use. °
r -

-

. 'Cdmputer Use - he\fhstitutes visited had access to excellent
computer facilitieg, which usually had at their hearts Unifac and
CDC‘mgéhines. _Lfbeéal use.appears to be made 6% this capability
in the fesearch effort. In addition to CAD/CAM applications, "data
are frequently -reduced and plotted directly by computér as they

are generated in.the laboratories.

b

&

D. Concluding Remarks - o -
It may be of interest to indicate some Of the attitudes

towards” the system as they came to our attentidn}'while in Germany.

i

There/gppears to be general éétisfaction in industrial circles
" with the existing research arrangements.’ Industry also gbpears'
‘to be satisfied with the q%ality of the enginegrs coming from thé
universities. And yet, one professor visitg@ at, the Technical
University of Haﬁnover wonaéred'if the engineers gradﬁated from
thé universities were getting enough of a theoretical background
to tackle tﬁe engineeri é problems of. tomorrow. A survey of the
Gerﬁan machine tool iﬁﬁuétry in 1972 by the VDW [13], seems to
underscore this concerm. For example, 100 percent of the companies
- polled felt that continuing education was necessary. for their
engineers and administrators. “Ninety percent gave top priority' to

the study of new fundame&ntals, The topics receiving highest per-

centages were Design‘(me anics, dynamics, rheology, theory of

o

metal removal) with 86 percent and production control, programming

76
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J
éf N/C machin&% with,83 percent, No need’'was seen to brush up on
mathematics, however, since this topic received only 14 percent.
The number of semester hours set aside' for mathematics in the.M.E.
curriculum of the Univers@éy_of Stuttgart .(See Table 1) seems to
bear out tpe satisfactory math backgréund:

‘ The structure of the German university has also come under .
‘atfack, especially the strong inséitute director. ‘It is nog sur-
- prising that delegations’ of German educatogs have ;eturnéd from
visits to U.S. campuses fully convincea that the American system
is the 5ne that should be adopted by Germany. Presently, piversity
re{affﬁ/;;é under way, in Germany, but their thruét appears to'be
yet unclear, at least to the uniﬁvélved observer. aTBerelis fear =
" on the part of the prof&ssors, t;at the Institut wiil be eliminated.

And yet, the Institute for Machine Tools and Manufacturing of the

Tgch?ical University of Beriin, for example; emerged from reforms
quir%ﬁally intact. What has taken place there is modification

_ ins£ead of elimination. The institute has gained an additional

professor and an assistant professor, but its administration re-

mains in the hands of its director,‘the Ordinarius.

-

e L . -
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FROM: C. H. Kahng
Gy L. Scofield

SUBJECT: Trip Report
®University Visits in Japan and Korea

The followiné report is divided into three main parts. The
first part develops general information on engineering education
in Japan which is typical for most universi;ies; ?he second part
is really a series of individual reports on specific visits in

/ Japan. Thé third part contains information on ko;ea.

I. sEngineering Education in Japan

Seconda

education is similar to that in the Unitéd States. .

2,

4 .
To enter colleége a student must pass an entrance examination.

This examination is unique for each institution and is difficult.
Studénts oIten take the exam several times befiore passing. En- J
glneerlng stu&ehts often act as tutors for the entrance exam.
The exams are given on dlfferent dates to allow a student to
seek éktrance at second and third choice universities. Entrance
exams are also used at the advanced level. Engineering students
have a general studies program_during the first year and‘stﬁdy
in the Faculty of Engineering thereafter. The Faculty of Engi-
neering is heqdea by a dean and is divided into departments. P
Each depargment has several chairs, usually about 6-8. | -
Egch chair includes a fullrprofessor, an associate professor
Or assistant profeséor, lecturers, andrtechnical support staff.
Programs aré duite basic but all students do a research thes;g
during their senior year. Attfitionﬁis very ldw. It is not
péssible to transfer between universities i Japan. Véry few

s nonndap?nse%;students att%ﬁd.the univérsities and usually are not
eligible for a degree. The'semestér system is common. Study

at, the gréduaté lével is quite common. Elnanclal aid for graduate

study is availab:> to less than half of all M.S. students ($60/mo)

and: to nearly all doctoral students ($120/mo). The financial

: C -72-
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" aid is frequently in th m of a loan to be repaid after

graduation. Financialjfaid gomes from government and industrial

. sources. Research support comes as a budget from the government

to each chair ($15 000 - $20\OQO typlcal) and additional support
comes from orgahlzatlons representing a consortium of industries.

éhe doctoral programs are primarily research oriented and as a

result it is possible for‘an industrial researcher to achieve ;
a doctorate with little or no formal university activity. -
Research areas are carefully ‘divided up to,avoid duplication.
Research emphagiﬁ is on lonq term ob3ect1ve§\//&he 1dea of

research by reason of a formal proposal was very uncommon.

‘Industrial experience for faculty and/or students is the exception

rather than the rule. Direct industrial interaction is not
common although equipment grants are evident.

II. Individual Institutions - Japan §

1, University of Tokyo
Monday, October 22, 1973

a. Prof. Dr. Sogo Okamyra )
- Dean, Faculty of Engineering - L
(elected every two years) . /

General information about Tokyo University.

b, Prof. Dr. Toshio Sata
Department of Precision Machinery Engineering

Tour of metrology (air condltloned) and adaptive
control of machine tools 1aborator1es.

c., Prof. Dr. Nario Takenaka > 3
Department of Mechanical Engineerin? for Production

Lab visits included adaptive control by force
measurement and surface grinding. Associates
were conducting soil mechanics (Dr. ﬁatamura)

/ -~ and powder metallurgy (Dr. Nagao) research.

50
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Almost all faculty have the Ph.D. and are graduates

of-Toﬁyo University. Some faculty have industrial '

experience but it is uncommon. 150 chairs; 1,200 - -
undergraduates iy engineering; 20 departments; ()
80 —\ﬁo%bof curriculum ffxed:yéverage studént

load - 17 credits/semester: ﬂb paid student o
assistants, graduate teaching assistants, or
research assisgants: about 1/3 of B.s. graduates
study at M.é: level (two more years): 1/2 of

M.S. graduates study at Ph.D. level (three more

&
years),

Keio University
Tuesday, October 23, 1973

a., Prof. Dr. Takeyoshi Mori
Dean, Faculty of Engineering ..

General information on Keio (Professors Ando,
Yonetsu, and Inazaki). 5'
b. Prof. Dr. Sakae Yonetsu
Visited lab projects in bfecision feed
mechanisms, surface roughness (EDM), and
centerless grinding.
c. Prof. Dr. Ichiro Inazaki
Hydrostatic bearing research. - &
d. Prof. Hasui
Plasma and friction welding research.
e. Prof. Sato _
Visited a special video assisted lab in
mechanical drawing.
Visited other laboratories, classrooms, and the
library. _Keio is; a high guality institution
whose private st ug léads to larger classes, less
obvious attention to the "chair" system and a

81
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general atmosphere more 11ke a unlver51ty 1n$
the United States. A dgreater varlety of research

was evident, inclu@ing some duplication with E
national universities. '

3,500.

Engineering enrollment
all faculty have Ph.D., most faculty

graduated .from Keio University.‘ 30% of students -

earning B.S. go on to graduate study.  About .
1001000,000 yerf research per year - over 50% from -
stry. . C°

% . -
Tokyo Institute of Technology
Wednesday, October 24, 1973

a. Prof. Dr. Eiji Usui - ]
Mechanical Physics Department = -

'Viﬁited laboratory ;ﬁppdrting basfz\reeearch
-on Chlp formatlon. : _ *
. Dr. Usu1 conddcted us on a tour of the precision
machinery and electronics laboratory\whe;e-
'researéh was being conducted on screw th;e&ds/
and precision gear menufacturing. We also
vigited the mechine tools laboraeorx_of Dr.
Ito ahd Dr. Matsiko.

Our visit wad concluded by a conference attended

by Dr. Eiji Usui (Mechanical Physics), Dr. Masanui

Masuko (Production and Maching,Tools)} Dr. Yoshiro

Anno (Precision Gear Manufacturing), Associate e

Professor Yoshimi- Ito {(Machine Tools), Associate

Professor Jiro Otswka (Precision Lead Screws*and
Griﬁding). ahd Associate Professor Jire Ishikawa ~° -

(Precision Gears). The general atmosphere gt -

Tokyo Institute of Technology was that of a reSearch“

institute rather than a university. .From 30 to 5 0%

"~

‘go on to graduate study at the M.S. level with about

=75=, - ‘ '
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25% of the M.S. graduates going on to Ph.D.

They do accept someq;?hnsfer studentewand:allow
student in upper half of class to enter M.S.
program without examination. Number of graduate

students fixed by quota. Some industrial experience

for student counts for labofatory credit. Research

is appllcatlons oriented. Research support is
frOm government. : _ .

The Institute of Vocational Training
Thursday, October 25, 1973

a. Dr. Takesi Sugeno
Presfdent-of the Institute
(Formerly Dean of the Faculty of
at Tokyo UhlVéTSlty}

Dr. Sugenoc expressed the need for englneerlng

educatlon in Japan to be more applications.  °

' oriented in rgaponse to industrial needs. '

r e - ’ -

b. Prof. Nacharu Kinoshita L T 4

k-4

OOndudted us-on a general tour of facilities

at the new campus, 1nc1ud1ng classrooms, o .

w @

\ laboratorles, and llbfhry. We visited o !
.
Professig Kinoshita's lab ﬁpr?{esearch,in
o * T b
wood workin cesées. -
, °P o =
C. Prof Noboru Sh1 azaki ' C -

'I-m"'iﬂ'-

Toured new laborat or material removal,

1nc1391ng N/C machlnlng, metal formlng, foundry, .
etc.” We observed a number of speC1a1 pxr jects ‘ ]
R [ -~ e

completed by stuquts.

. ~@§ P
d. Mr. Tos 10 Ishikawa, Chief ‘y //F“
ratlon DlVlSlOn . :

3310n of his’ d1v1;TEg in

extending vocationa} studies, through, the :

tralnlng of teacher§ to un@erdeveloped countrles.
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This Institute is. under the Ministry of Labor
Their !

missioh is to trdin teachers in the rogtional

rather tHan the Ministry of Education.

area for teaching in schools and industry. The

» new campus‘haé'ouﬁstipding facilities and equipment

(30 million dollars). Industrial interaction is -

- strong. This ls nét an engineering college and
does not emphasize research._ _ '

5. Nippon Steel Cémpény
Fr;day, Octqgber 25, 1973 v

a. Mr. Hideshi Sato | ¢
General Manager ' -
Technical Information Office
Techhnical Development Department

» - R & D Bureau 2 )
Nippon Steel Corporation

Mr. 'Sato acted as host and interpreter. |

b. Mr. H. Katsui
Nitfetsu Kenzai Company

Wrote a paper on engineering education in Japan. :
c. Prof. Shojiro Nomura

Sophia University
d.. Dr. M. Tomota

Former Presideht Yokokawa Electric Company

e. Mr. T. Fukuyama
‘Executive Secretary - _
Japan ci%ty for Engineering Education .

-

The discussion indicated no deep dissatisfaction

. with engineering education in Japan. The feeling

_« was that a more applied education,_rathef than the
current very basic type, would be better for smaller
ipdpstry. The B.S. engineer_usualiy goes to work

"as a blue collar worker at aﬁ:zi:izgo per ménth.

? Co}op pdgrams or sandwich pro'ia ;buld be

wglcomeg by industry. More interaction would be

, @ R |
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benefidial from industrial poinéf;f view.  Lifetime
emplgyweht is a %gctor in providing time for on-
. the-jgb training.

6. -Kyoto Urriversity
Monday, October 29, 1973

a. Prof. Dr, Kéiji Okushima and Asst. Prof.
Tetsutaro Hoshi o>

. 'The above 'faculty conducted our visit and tour of
the research laboratories for precision machine '
tool research and grinding research. The precision
machine tool work was related to thermal sources of
stress and the grinding research involved a system
of vibration to achieve ieroved surface. finish.

Much student unrest has been evident at Kyoto. A

major concern of the students seemed to be too

L3

great interaction between the University and industry.,

pafticula;l the chemical industry. They were also
opp05ed‘€g’iising military streﬁéth in Japan. BAbout
40% of the M.S. students weré receiving modest '
fiﬁancial support. Students not in a hurry due to
lifetime-emplogpent. The undergraduate program
contains a controversial program of electives. _
Continuing Educ:§ion'was stopped by internal .
politicél force. Research areas are of interest

to industry but do not compete with industrial
research;’ University_gets out wh?n industry steps

~ in. Government research money provided to each

chair and supportg faciliﬁies and eqﬁipment only. .
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Technical Education and Research in Korea .

“Ph.p. Students are ‘enrolled.

" teaching load for full professor is 4 hours of

Osaka University ! . "
Tuesday, October 30, 1973

a. Prof Dr. Hideo Tsuwa angrAssoc Prof.
Yoshihara Namba' -

Départments of Mechanical Enginperingy Precision
Engineering, and Productlon Engineering were o C .
The Faculty of Englneer1ﬁ§hh
(700 staff) is divided into 17 departments. A

total of 3,000 undergraduate, 500 M.S., and 50

related to our visit.

Students pay tultlon

before takihg entrance exam. Very few transfer

‘students and only at graduate level., Plant visits

are typical as in other universities. Typical

lecture per week .. One exXam is given each term.

Salary levels were about $12,000 per year (12 mo. ).

Py

for professors, $8 000 for associate professors.

Faculty very active in professional society act1v1t1es.
en -

Researchers tend tplwork alone and set their own .

“direction. &

1\.

‘Korean Institute of Science and TefgnOIOgy
Thursdax; Novﬁmbergl, 1973 ' LD

a. Dr. Kyung Taik Chang, Head ' ‘ !
‘ Metalworking Laboratory

Toured pewloutstanding.laboratories established .

with U.SS. Government support and assisted by

- Battelle Memorial Institute, *

housékeeping were evidént.

Pride and good

Technology transfer

- to emerging industries is the mission.,

Some success,:

The

particularly in elect;oéics, was evident.

Institute operates with 40 laboratories and 672
s .

rJ L]




staff. Graduate engineering education is provided
.

by a unit associated with KIST. The researchers

hold the Ph.D. degree and unlike Japan it was

"common for staff to have industrial experience‘as

well as some education in such places as the United

P X States or“Germany. ) ,

' 2. Minister of Science and Technology
Republic of Korea

a. Dr. Hyang Sup Choi . - ) .
Minister of Science and Technology
Dr. Choi discussed the thoughts of hisrgfiice on /
" o . \ : .
the deveélopment of industry and education in a

developing country. Industrial development is toI
focus on such things as electronies, shipbuilding,
and chemical plants because of the ability to be
competitive in world markets. He talked about
problems of pollution, etc. The'educational‘
program*must develop}yocational'skills as well as‘
Dr.,

engineering at an'appropriate level. Choi was

. ff#?ﬁ - préviously in* charge of KIST and feels that it is
: doing ah excel t jot\?f interacting_with Industxy
) .;- ; in researchlk{%i> ' T '
Iv. - ConcluSion . . ,

This report does not attempt to give data or expanded descriptions

of the,institutﬁons we visited. We did collect catalogs, descriptive

literature, as well as technical papergs from most of our visfts.

These resource materials are filed by institution and the
available for those interested 4 : o 1
0' s £A7
The overall impression of Japan and 3
,-!'5""... N s

~of this report: however, thes® impressidns, have’reen collected

along with photographs. Either of us would be happy to share this .-

additional background information. P
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ESTABLISHMENTS OF IMPERIAL
. UNTVERSITIES IN JAPAN

1868 KAISEI-GAKKO
1890 'KEE0 UMNIVERSITY
1943 NEW EDUCATION SYSTEM

®

"HOKKAIDO
(1925)

- |AREA (SQ-MD) | POPULATIOY
MICH, | 58,216 9,143,000 |-
PR | 142,726 " | 108,000,000 |
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TOTAL NUMBER OF UNIVERSITIES-AND JUNIOR COLEEGES IN JAPAN
CGRRIL 1971

[

<

| 346.(75) -

Wt
FFERINE
UNIVERSITIESF—— PPPERING
Y a JUNIOR | - JUNIOR . |ToTAL
| COLEE;ES GRADUATE | EVENING | » ' coc | ADVANCED [SPECIAL: |COLLEGES
v | SCHOOL | COURSE |1/ royon | COURSE | COURSE
A mationa | 7 @ 50 - 9 | 2 52 11 24 03
@] . . . o
PUBLIC 37 (6) 18 5 2 U -~ |39 |76
PRI{%TE« 25 67 | 81 .| 43 W | 23 1 | 350 | 589
- TOTAL 149 57 - 72 79 25 413 | 759

() - UNIVERSITIES FOR WOMEN
. % - L

&

=
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" NO. OFSTUDEITS

ENROLLMENT OF JAPANESE SCHOOLS

- JUNIOR COLLEGE‘\' :
30071 - . 288,000
250 261,000
200 -
150
100 -
PRIVATE
50 | | L. .
| © "+ naTIoNAL & PUBLIC 27,00
0 o S— v — — — r t
1959. 60 62 64 66 . 68 70 1972
9o . )
o ) -83-




NO. OF STUDENTS

EHROLLMENT%?E.JA@ANEﬁEOSCQOOLS‘ RS g
1,600 1 | - 3 '
) UNIVERSITY \ 1,484,000
%
’ l;qoop" d,,
1,200 1 “
, &
1,000
&
800 |
600 1 "
= PRIVATE
. ) t W
L{OO 1 - . ) 342,000
9 | ’ : . /'——.
o NATIONAL &PUBLIC — =
2001 T /
159 60 62 64 66 68 70 1972
s % )
91
§
-84~
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9 N .
N0, OF STUDENTS (UNDERGRADUATE VS. GRADUATE)
™A N - | :
:d L « - ~—_UNDERGRADUATE ... _GRADUATE . __GRADIATF
*- T , |~ UNDERGRAD,
g N | |
. | . I
‘ o e i '_ \\ | ' ¢
1;’450;@00 : ” L}S;UUU }_ 3.1%
! O
| | -
o N 6,308,000 | 828,000 " L
U.S. A R 1 " ]3"]'2
(1969) . e R
. s ® J i I~ -
» ©L ‘ . - . P o |
. B : : o
S (1969 o Pe } )
- S | |
] 1
<< l
. , = Uk |
FRANCE | 522,000 4 |]65,000 -1 |
(1968) o ] o ! 12,48
|
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FEATURES OF THE JAPANESE. UNIVERSITY
SEMESTER SYSTEN' /-
ENTRANCE EXAM PERIOD:
SUMMER SEMESTER:
VINTER SEMESTER:

MARCH - APRIL
APRIL - SEPTENBER
OCTOBER - MARCH

ALL UNIVERSITIES FIX THE NUMBER OF STUDENTS TO BE ADMITTED
EACH YEAR. 440 STUDENTS/DEPARTMENT)

THE UUIVERSITIES PREPARE AND CONBUET THEIR OWN EUTRANCE
EXAMINATIONS.

THROUGH THE ENTRANCE EXAMINATION SYSTEM THE UNIVERSITIES CAN

‘ SELECT STUDENTS WITH QUALIFICATIONS MRTCHIUT THE INSTITUTION.

HO INTER- UNIVERSITY TRANSFERS POSSIBLE.

VERY SMALL DROP—OUT/FAILURE RATE. -

t

 THESIS 1S REQUIRED BEFORE BACHELOR OF SCIENCE DEGREE IS GRANTED,

MOST COMPANIES REQUIRE ENTRANCE EXAMINRTIONS BEFORE HIRING
PERSONMNEL., ‘ ' S

- 93
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" FUNCTION OF CHAIR IN JAP!—\TI’ESE UNIVERSITIES

_ - {
1 - FULL PROFESSOR (DR.)
4 HR LECTURE/HEEK

REST vRESEARCH
& SALARY $15,000/12 MONTHS

1 - ASSOCIATE PROFESSOR (DR.)
4 HR LECTURE/WEEK .
" REST RESEARCH -+
/ SALARY '$8,000/12 MONTHS -
SEVERAL LECTURERS (DR.)
. PART TIME OR FULL TIME
MAINLY TEAGHING ‘ 0

SEVERAL® ASSISTANTS (B.S., M.S., DR.)
NO LECTURE
~ LAB 8 HR/MEEK.
RESEARCH - THESIS SUPERVISION
SALARY $6,000/12 MONTHS

e g s G s Ml e e S e e e e s Pl g o o el el il A s P sl i M s R il e e M R s

STUDENTS: DR.E - cﬁNDIDATEs N
LA CAMDIDATES.
qs - CANDIDATES (SEMIOR) .

94

_8?_




- . -
- “
e . . -
- .
| M w
. .
’J | |

I3

- [ S l
- DEPARTMENT ‘OF PRECISION MACHINERY ENGINEERING
&= THE UNIVERSITY OF TOKYO

CHAIRS:

1. MECHANICS FOR PRECISION MACHIMNERY
(PROFESSOR DR, MIYAMOTO)

2, ELEMENTS OF PRECISION MACHIMERY
" (PROFESSOR DR. JIMBO)

3. ENGINEERING DIMENSIONAL METROLOGY
(PROFESSOR DR. UYEMURA)

4, DWHAMIC BEHAVIOR OF PRECISION MACHINERY
(PROFESSER DR FUNAKUBO) *

5. MATERIAL PROCESSING I PRECISION ENGINEERING
(PROFESSOR DR, SATA) - | :

6. . PRODUCTION. OF PRECISION MACHINERY
(PROFESSOR DR KINOSHITA)

7. MATERIAL FOR PRECISION MACHINERY
(PRORESSOR DR. MIYAMOTO)

* CHAIRMAN OF THE DEPARTMENT
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/ EXCURSION PLAN . Lo
PRECISION MACHINERY ENGINEERING DEPARTMENT .. o

) A
A\

"o -~

DATE | " . PLANT ~ ~ PRODUCT
1 5/8/73  HIPPON SEIKO | BEARING “ '_
\ 2. 5273  FUSLTSU - ELECTRIC . MO SYSTEM .
5 .6/ 5/73 "CiTliEN‘WAftH . WATCH - | v
4y 6/19/73  NIPPON - STEEL PIPE, © STEEL PIPE, WELDING
5 7/375 INSTRUMENT LABORATORY PRECISION MEASUREMENT
6  9/11/73 ~ NIPPON - OPTICS - . OPTICAL INSTRUMENTS
7 9/25/73  NISSAN MUTOMOBILE CO. PRESS HORKING ASSEMBLY LINE
8 11/12/75  YANATAKE - HOMEYWELL \\AUTOMATIC CONTROL
9 11/19/73 - HNHK - LABORATORY VIDEO & AUDIO FACILITIES
10 1/16/73  TOSKIBA ELECT. CO. PRECISTON MACHINING
11 12/3/73  OBM - PRINTLNG:CQ. PRINTING MACHINE
12 12076 GOVERWMENTAL MECHANICAL HACHINE TOOLS
- RESEARCH LABORATORY MEIAL CUTTING
| . y
96 T o
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INTERACTION BETHEEN UNIVERSITIES AND IMDUSTRY -

*PLANT AND INDUSTRIAL TOURS ARE ARRAMGED FOR STUDENTS.
© SUMMER EMPLOYMENT. IS FREELY OFFERED TO STUDENTS BY5INDUSTRY3 |

EXCHANGE OF LLECTURERS BETWEEN UNIVERSITY AND INDUSTRY.
{
RESEARCH SPONSORED BY INDUSTRY.

P .
ENGINEERS FRON INDUSTRY AUDIT NEN COURSES.

¢ ’ ™~

PROFESSORS ARE ALN&YS READY TO ASSIST THEIR FORMER STUDENTS.
L L |

THROUGH THE ACTIVITIES:.OF ACADENIC SOCIETIE‘SW OR PERSONALLY,

. UNIVERSITIES AND INDUSTRY WORK.TOGETHER .M FURTHERING RESEARCH

AND DEVELOPMENT.

-

PROFESSORS ARE VERYTONCERNED ABOUT FIMDING EMPLOYMENT FOR
THEIR STUDENTS (LIFE EMPLOYMENT). C

NDUSTRY PARTICIPATES IN A NATIONAL LONG-RANGE RESEARCH PROGRAM.'

o 50 v

L]
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2

4, |
.4 PERSONAL AWD FACILITIES COME ERGM INDUSTRY

L

SOURCES. OF, RESEARCH MONEY .

GOVERWENT oo S

$15 OGE/YEAR FUR ONE CHAIR ,

" OHLY FACILITIES'AND ‘MATERIALS

SALARIES EXCLUDED . ,
N

fACADEMIC SOCJETY + FOVERNHENT + IhDUSTRIES .

. RESEARGH PROYECT.COMMITTEE SELECTS INSTITUTION
EXAMPLE:  AUTOMATIC BAINTENAMCE OF MACHINE TOOLS
.~ $100,000/YEAR y

10 UNIVERSITIFS ,

™

INDUSTRY L

"NOT DIRECT
THROUGH ORGANIZATION

PROFESSOR TOKENAKA, TOKYO UNIVERSITY $30,000/YEAR

ENTRUST RESEARCH FROM INDUSTRY
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L PROCEEDINGQ OF THE SYMPOSIUM HELD IN D‘EARBORN
1? : _ December 12, 1973

1 { -

S, - o . .

: A symposium intended to advertise as well as discuss the ,

\ proposed internship program was held on December 12, 1973 (see'. oo
enclosed program). A large number of brochure-type invitations
were sent to Michjigan-and ‘other Midwest industries. Although the
response was light, the symposSium was a success, since 'a relatively
small attendance had the advantage of promotlng free and construc—
tive d15c9551on. ) .

The'subjeqts presénted Ey the speakers were as follows:

mental R&D Incentives Programy~ The ERDIO (Experimerrtal R&D
Incentives Offige) was shown be divided into the Public Sector

. Office, .the Experimental De51gn anﬂ Evaluatlon Staff Office, and |
.-the Prlvate Sector Offlce. -

Robert colton descyibed Ezg structure behind the NSF Experi-

The objectives of e ERDTO are to stimulate increased non-,
federal investment in RgD.and to improve the climate for techno-
logical innovation. - Technological Innovation is defined as "the
first usé of science and’ technology in a new way in the U s,
economy w1th commercial success.

v . Other significant points deablng with ERDIO pollcles and
procedures are: Federal Incentiveg for Technologi¢al Innovation
are broken downiinto Government.markets for technvlogical- -innova-
tion (procedures for non-civilian and government needs) on one .
hand, and Government stimulation of factors causing technological
innovation in the prlvate sector on the other. The Private Sector
program elements- are’ indicated to be: Synthesis of technological -
innovation factors, ce-op research incentives, development of ‘*human
resoyrces, financial 1ncentives, market incantives, and regulatory
related incentives. The objectlve 0of the Private Sector Office 'is
~to identify and test incentives that stimulate the factors effecting
technologlcal innovation:

Examples of possible Government 1ncentiyes are cla551f1ed as
direct (government market, government contracts, government subsi-
dies) and indirect (low interest loans, loan guarantees and insur- -
ance, tax: deductions, ﬁ\:') o N '

s ]

- 2

DeVelopment of hum resources "has as «ts "aim dn increase in
quantity and quality of’ technologlcal entrepreneurs and-innovators
from the universjities, and an increase in the gtilization or
commercialization of university, business, and community held
technology Outpd¢ variables include the numbér wf students be-
coming entreprenenrs or innovators and their success, and .the number
of ideas, produats’, processes, patents and inventions resulting
from this ef ort. : . ’ '

L - 102
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. Experimerit. development for evaluation.and testlng of .
incentives involves these steps.

. Background studies - evaluate incentive

- Conceptual deslgn of experlment to test incentive

i : . Exploratory experlment to test incentlve in a ljimited. -
' role .

- .« Full experiment to ‘test incentive by developing quanti-
. . tative data to evaluate effectiveness and suitability
-of incentives' C r‘ ‘ ‘

. Recommendations to administratiox regardlng\relatlve
« sultability of various 1ncent1ves . . ° "y

. Dr.. M. Eugene Merchant's presentation dealt with the topic
~ “The Status Quo is. not the way to go, this is not where the-action
is". Major factors controlling human and technological/activity - ;
‘developed from authoritarianism in.the past to tested thought at k
- present, but will rgquire ¢ eatlv? innovation in the future, he . ]
. . stated. ‘The effects .of ére¢ative ¥nnovation 6n technological -
. progress are the breaking ¢f barriers between disciplines, accel-
* eration through systems simulation, and’ the replacement of conven-
tional disciplines by multjdisciplinary engineering domains such

as manufacturlng eng1neer1 -

' The computer 1ntegrated manufacturing system {CIMS) was c1ted
as be1ng capable of providing a breakthrough in the quest for cost
Saving and increased productivity in the future. 1Its 1mportance
was underlined by the fact ghat 30 percent of the GNP ie affected
by manufacturing. Since such systems are very costly, their imple-7\
mentation provides a major challdnge for university-industry
interacjion.' Im fact, broad cooperation is needed on a national
scale. T - .o '

\

A forecast into the future of manufacturlng conducted by CIBP
provided the foll%wlng outlook: .- -

. " By 1980, a cdmputer software system for full automation
‘. ’ and opt;mlzatlon is expected to b& in existence.

- - -
-

.By 1985, full on-line automation' and optlmlzatlon of
" complete manufacturing plants controlled by a central
computer will be a reallty
By 1990, more thar 50 percent of the machine tools
produced will not have a "stand-alone" use, but wi;l
instead be part of a versatile manufacturing system, .
featuring adtomatic part handling: between stations,
and be1ng controlled  from a central process. computdr:

. f -
- - ¢
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. Major cooperative ventures are already erway in Europe-
“and Japan, where universities.and indusgty have been joined by
their respegtive govérnments 'in efforts to implement CIMS.

-
The steps towards achieving these ggals were outlined to be

‘ . Integrated manufacturing software systems !

. Group technoldgy or cellular manufacture

. Computerized -N/C and Ditrect N/C

. Multi-station.manufacturing systems

. The cOmputer-}ntegrated"automptic factory, -

t

The kinds of interaction believed necessary are ' '
. Cooperation betweeri university -and industry in
) manuﬁaczaﬁing R&D C ordinatgd on a nationagﬂscale

. Universities 'are to provide means of cdupling
.., competitive industries without violating anti-.
. trust laws . - "

- Strengtﬁéned manufacturing. engineering education

. . + Assistance from governmeént, technical societies,
for coordination of guidance and funding
Uniﬁﬁpéity—Industry interaction in Germany was reviewed by
K. J. Weinmann. "A complete report of the findingg?is presented in

Uﬂiversitivlndustry interaction ‘in Japaanas reviewed by
C. H. Kahng. A complete report of the findings is presented in
Appendix—b-. - 3

- -

i . ¥

. f‘ ' -
J. C. Gergée 's description of the Internship Program‘appears
in Appendix—a. 2 : . b
The luncheon speaker, R. William Taylor, stressed the need "‘\
for closer university-industry ties, and, praised the internship-
program proposed by Michigan ‘Tech as being capable of strengthening
cooperation. -

.
* b

’ / -

The panel discussion was intended to bring .out the pros and
cons of the proposed program. ‘It.turned but, however, that no
adverse criticisms of the program were raised. Due to the small
size of the crowd, a véry lively and frank discussion took place,
during which a number of points were¢ brought up, mostly dealing
with implementation of the program. A significant® part of the
time was spent in stressing the importance of salesmanship in
trying .to convince the industrial and the aca T unities, of
the value of this program. Michigan Tech dpéw praise from industry
for trying to remove -the blockage to & mearfingful, .productive ex-
change of ideas between university and indystry.
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&&;- o SN ﬁame ‘ o ,

- .o Company oi Affiliation ) .
. T . T
i * QUESTIQONNAIRE -, - ‘. &
. 9 o |
1, Does YOu} company -have a co-op programafor'studEnPS? o , i
. E 9 of 10 ves '

T T
- -
[T

Z. Are co-op students better prepared for entry level ijS in. undustry°
. Why? . : b .
. LA R 10 of 10 vyes . o

. r

’ . 4

‘3. Do you'belleve that’ the Intérnshlp Program is a worthwhlle pr03ect .
: to undertake fer a trial period? ‘ e _
, .. 710 of 10 ves . ‘ '

. 3 R . c - P

‘4. 'Db §6u believe that tbelﬁnternshlp Program will be be;ter’for the :

Unlverplty, the studez;;/énd Industry. tha
. .5 — be l - egqual ;' 3 -

- 4
. /41, ’ v N

[ . \-—/ I 4 P A i
5. Does your company Qonser re;earghmprggééts at Uﬂ%versities?e
' - -_ves, - little or none : |

6. s the present state o 1nteract10n between Industry and Univershties
Qf - satisfactory? . | ' . -
3 . . L. L] o . ) . .

v "9 of 9 o

_ . .

+7.. Do you -consider current regulhr full-time engineering educatlon
satisfies' the need for entry level parformance in Industry? .\

. 6§ - no, 3 - ves (gqualified) ) s

%

™, * T

ey e » L
-8, “Please indicate the components of engineering education you -feel need

to-be strengthened. Y Co I L .
- Humanities and Socia iefpces . ' ‘ / 6£ 9

- Basic Sciefnces (Chemlstry and Bhysics) 7 - L of 9
- Mathematics '

- Englﬁgérlng Sc1ence (Statics, Dynamlcs,lmhermo, etc,) -

- Design Projects '

- lgboratory Projects

[N o = = O [
o
Lo
o

- practical Experience

4

. Comments: . i i

L}

’ ' 9
9. Would you recommend that your company participate in the Internship
" Program described at this symposium? °

7 =- ves, 2 -« unc - ' -

"

N

10, ‘Would you recommend that your company participate (at some expense)
in'a project other than the Iﬁternshlp Program to 1mpr0ve University-
Industry interaction? ) ’

- 7 - yes 1 - brinq faculty tq industry

*

ERk(: - 1 - faculty exchange
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"MICHIGAN TECHNOLOGICAL UNIVERSITY
, HOUGHTON, MICHIGAN | s _
’ ) . - : \ Y,
| ‘ A SYMPOSIUM ON ' '
ca A S'I‘UDY TO' IMPROVE UNIVERSITY- INDUSTRY INTERAETION_
IN MATERIALS PROCESSING - . -t
’ N N _ March 1, 1974 ¢ - Lo R
‘ . ‘}
J = . *PROGRAM ‘ B
: B : !
8:00-8:45 am Registration R 1
"8i45 am- .  SESSION I - - - ‘
’ " . Chairman: Gordon L. Scofield .
T . Professor and-Head )
{|° - ME-EM Department - '
Michigan Technological University SR
.8:45-9:00 am 1. , Opening remarks, Chairman |
9:00-9515 am %//}Welcome and Remarks,- President Khymond‘L Smith |
v "~ - Michigan Technological -y
‘ '  University N
9:15-9:45 am ' 3. “The National Science Foundation R&D Incentives
. IR , Program - Human Resources, for Technology )
. Development o
"For R.M. Colton; 'EVQ'Q—Aﬁd'ePG'OH'P o R. M. Colton
J.c. o roject rector L . .
I : F GP' eent National Science Foundétfbn :
9:45-10-15 am = 4. “Review of University Industrial Interaction
in Germany" _ _
Klaus J. Weinmann ) o 7
- © ‘Assistant Professor <
. Michigan, K Technological University £
i0315-10:3d am Coffee Break _ L. s
o : : . :
10:30-11:00 am | 5. "Review of Universlty-lndustrial Interaction
S : " in‘Japan” . , )
fﬂﬂﬁﬂ : Charles H. Kahng- . ° { o
T Associatle Professor

Michigan Technological UniverSLty" °

11:00-11:30 am 6. »Presentation on the IntQEnship Program
) James C, Gerdeen °* - . :

-~ - Professor Do 1
‘ Michigan Technological UniVers1ty

11:30-11:50 am Discussion " -
Questions -and -Comments on Morning Talks

“*
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- 12:00 Noon

4

Luncheon-

Speaker -"Unever81ty~1mdustry Interactlon

1:30 pm

+1

in Engineering at Michigam Tech"'

James A. .Kent

For

J. A Kep

C.E, Nork

" Dean of Englneen;ng-

Assor.tai'e :Dem
. &
SESSIQN II
Chalrman

Michigan Technologicak University -

1:30-2:30 pm’

8.

|

Gordon L. Scofie%d | ﬁ* ) vt

Panel Discussion of "Qplver51ty Industr}al

L

‘2

" 2:30-3:30 pm

- Panel;

Lo
- o
’

i
[
"

9. Discus
3-30-3-45 pm Coffee Bre
> 3 45 4:15 pm

4:15:4:30 pm 7 1

LO. Repo

T2/12/74

L

Interaction and Reactions to the Internshlp
“Progrem - Pros eﬁd Cons" ‘ .

”

Eyop-dndergon
Rroject—DPireetor | L

Nertd 1 Sei P st )
Marvin F. DeVries &~ '
#Chairman .
SME Education- Commmttee .

Unlver31ty of Wlscon51n-
Madison *

Gerald T. Underwood
Manager of Personnel and
Management Development

4 Deere & Co. .
Richard O. Lane
.Director of Marketing “-
Frank Bancroft, Co.
Harold Ruf 9
Vice President '
Gréde Foundries,
Milwaukee

Inc.

.A. A, Hendrickson
'-Proﬁessor

. Metallurgical Engineering

- Michigan Technological Uhlver51ty

81on Groups

ak . - C e

A7

D, sion Grapps

Summation of Symposium - What Now? .

Gordon L. Scofleld

-
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. . PROCEEDINGS OF THE’ SYMPOSIUM HELD ON THE CAMPUS , _
' ‘ _OF MLCHIGAN TECHNOLOGIGAL. UNIVER&%TE& ) - e e e
V% March ;, 1974 .. LT
| 't . . ‘ . e T e
.o "'W s . -\ 3 - \ . ' tva

Both purpose an format of this*eympoeium ere essentially
e same as thpsé f the pPearborn Symp051um, the program shows.

ost 40 persons at¥ended the symposium, with half of the partici-"
pants ®oming .from industry. The .locations’of the companies . "
represented ranged from the Upper Penlnsula of Mlchlgan-to Troy,
- New Yo;k ) . . : - iy
- . . L 1 . o .“_.é o‘-
kfter welg@m;ng remarks by Dr. R. L. Smith, Pre51dent of L

Mlchlgﬁh Tech, Dr. G€rdeen outlined the Experimental R&D Incentlves
Program’on, beha##- of. Dr. Colton .from NSF, who was unable €o attend <
Drs.. Welnmanq and Kahng again reported on unlver51ty-1ndustry ~

. interaction din Germany and Japan..*Dr. Gerdeen's description of

~the Int¥ernship ﬁ?bgram concluded the act1v1t1es of the mornlng
, _

: byring the Luncheon, DF . cC. E Work, ASSOC1ate Dean of Eng1~ o

‘. - neering, presented an. informative as well as -entertaining account . _—
of the present status of the lnteractlon of Michigan chhhologlcal )

. Unlver51ty .with 1ndustry - _ ’ . R . .
The afternoon session Was operfed with the panel glscu5516h,

c with each member pr0v1d1ng constructive input to the proposed
program. An open discussion involving all attenﬁees ensued Some
of the remarks made were the follow1ng$

® N ,
Mr. "R. O. Lane empha51zed the need to sell the Ingernshlp
Program to most companies .orr an individual basis. It is jmportant -
- to make management see the need for what thls program has to offet.

t br. ﬁ deVrles developed a dlscreﬁanCY model to descrlbe the\
current status of university-industry relations. erter;a must be“- .
established to close the gap betweenaexfstlng situation and desired - .
51tuat10ns. \ . . oW . .

R T, - + -

-

Mr. G "Underwood empha51zed that sincethé Tefurn on 1nvestment
depends to-a major g@rcentage on tooling cost, it is’e sential to'
shift the excitement among students from product design to pro- '
- cessing techniques, i.e. manufactur}ng -He s emphatic’'in his v1eW /7
*that the proposed- program is not a co-op p gram.¢ Interc ange ‘ .
AN between unlversity and indnstry makes it unilqu Information. flow
.’ to the university is particularly important, ’ & feels., He also - ’
suggests that a change in nomenclature from Idustrial Internship :
Program to' TECHNOLOGY EXCHANGE PROGRAM may be appropriate, and may ,
be better suited to help sell the progrgi to industry. - .
‘ J

Proprletary asbects were ralsed by the audience as(éLsensitive
point.which needs to be considered.y, Underwocod retorted at companies ¢

. generally have lots of Qro;ects in ron-sensitive” areas.' These are

-~
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+ the types of projécts"that have' never been “gbtt n around t

oy due

A

‘added ahat concerns about sén51t1v1ty of a projectican he dlffused
by building in appropriate safeguards. He cited proprietary work
the PRI is currently doifg for Xerox Corporation as ‘an example.

—

Mr. H. Ruf of Grede’ Fouﬁdfie s, speaking for the foundry
industyYy, stated that tHe industry has an image, p¥ohlem: "it is
considéred to be dlrty, and engineerimg. graduat s tend to shy away

‘from

it,

He also expressed a need for managemepnt people, indus~

trial and tanufacturing oriented

rather than signers. Not much
* industry itse

What industry has are.pxoductlon

adjust to the changed picture.

Dr.iA A. Hendr;pkéon spoke

f, but rather by tra

Enérgy Crisis have created a need for technical pepople

engineers- and ndtallurgists

r arch is befing done by the
g&\and technidal assgciations. :
preblems. Also, - O0SHA,\ EPA, and
o help.

o

for the forging industry. The

proposed: program can achieve a lot for industry, he state&, since

it has n t been innpvative.

Research 'is not what is needed here,

"but instefd, technology transfer.

The forging industry must be

made aware of e€xisting technology Presently, technical people
aﬁg‘miés ng, Sinc# small companies cannbt afford to hire. qualified
i

neer metallurglets) He suggests that the forging industry
be. appro ched as a boﬁy ' .
It thus appears ﬁhat there>1s a trend towé&ds manufact ing
,englneerlng activities in 1ndustry, and 1ndustry would like to see

Michigan Fech provide them with the manpower that can cope with® its
probléms. Since ‘the objectivé: f'this Internship Program are in
agreement with these needs', i s generally warmly received, by
the participants. Industrial representatives in particular were
appreciative of the fact ghat Michigan Tech shows. an interest in
helplng 1ndustryé/ One hundred percent would recommend this program
to their compani s, as the attached questlonnalre shows.

B
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B ' —— - - ’ o i - - B i - N ]—
* ' . ~ - . . :
i : \ Name . 14 Indivigdaals Reportin g !
. : . Company oOr Afflllahén L ;
B . T . - -
. LI S . ~ QUESTIONNA TRE ¢ -

— . — e — e — w— e — — —

1. . ,Does your company have'a co—0p p&ogram for students? T

- BJQS s 5' ne , I not a.vm’.zc:.b(e

2. Are co-0p students better prepared “for ¢ entry level ]Obs in :|.nd? "
. Why? v -
' / ' - M yes . 3 non opsnion ‘-

g | ’ r . <
L1 _;_
% Do you believe that, the Internship Program is a wo-rthwh:n.le prOJeCt

to undertake for a trial perlod" . -
. PN < L °

L}

1 4 _y_zsr ? . ' : - .
4. Do you believe that'tlya Internship Progran will be better for the
University, the student, and Industry than the co-op? . L
10 ves, 2 maybe, 2 not necessarily ? i .

L Some -Fegl F may bgggf: um‘veuc"év -ﬁ;éul‘f‘q most

5. Does ygur company sponsor research. prO]eCtS at Universities?
& yes. 4 _no , ! ooesn't kiow | not a.pphg.ble

6, Is the present state of interaction between Industry and Universities
-satisfactory? _ ‘ ' . N
- 14 mno ] ) 3 '

-

-
i 4

— :
7. ° Do you consider current regular full-time engineering education
satisfies the need for entry level performance ingindustry?

5 yes ( with rgsgm{'fon) 8 no, | ne ,ommoo\

8. Please indicate the components of engJ.neerJ.ng eduoﬁ’clon you, feel need
to be strengthened.

[

- Humanities and Social Sc:.ences‘

- Basic Sciences (Chem:.stry and Phys:.cs)

- Mathematics L

- Engineering Sc1ence (Sta~t:|.c$, Dynam:.cs, Therrno, etec,)
~ Design Pro;ects’ B ¥

-')I.aboratory Projects

Practical Experience ‘ - . . 12

b (n=fon .

C . _ o .
Comments: Need more manafachuring eatucq_ﬁ'oq_. shudents néed -betrer ""'ﬂ-ﬂ‘\l'ﬂq‘_l.l\ _
Communieadion, need MM and leadership .

*

9. Would you recommend that your company participate in.the Internship
Program descr:n.bed at this symposium? . v
h 12 yes, | ml-_apphgb(c

10. Would you recommend that your company part:l.c:l.pate ‘(at some expense)
in a project g__’other than the Internship Program to improve University-
Industry interaction? ' '

\

= Ll
9 yes , 2 maybe’_ » 2 no opinion, | not applicable
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TO CARNEGIE-MELLON UNIVERSITY :

December 4, 1973 ®
by J. C. Gerdeen and K. J. Weinmann ° ¢

- . l

J. C. Gerdeén was invited to participate in the’ “Wgrkshop on
Research and Educational Needs in the Pressure Vessel Piping and
Related Industries" ggld at CMU, and sponsored by NSF and the — ‘
Processing Research Institute of CMU. .Due to some common features

-between PRI and to the :fndustrial Internship Program, K. J. Weinmann
aqcompanled J. C. Gerdeen to CMU, so both could discuss the pro-

REP?RT OF TRIP

grans wmth G. E. Dieter, Director of PRI, and attend the workshop
which dealt directly with university-industry interaction.

't;v‘; o : ‘. v r\‘;‘ ,
- .- The worRshop brought together representatives from industry,

universities,ggovernment, .trade associations, and foundations to .
discuss needs of the pressure vessel industry, both in engineering
manpower and research. The need for course work and research at

the unlver51t1es relevant to the 1ndustry, and the need for closer
relatlonshlps‘between practicing engineers in industry. ‘and university
professors were stressed. Since€ the different backgrounds of the
participants resulted in ‘different ideas, lively discussions +4took
place. When, the workshop adjourned, no noticeable consensus had
lbeen reached regarding workable solutions to the problem of how to
§§prove the working climate between university and 1ndustry in

ls particular are? of engineering. -
The private discussions with G. E,. Dieter and M, ¢C. Shaw,

Head of *he Department of Mechanical Englneerlng of CMU were friit-
.ful, since théy ped to clarify some Questions regarding \PRI.
Also, the two gentlemen assured us of their willingness to cooperate

~ with the Mlchlgan Tech efforts, and to share with us thedir expe;l—

ence gained in their efforts to establish mutually beneficial
relationships with industry. .

The Processing Research Institute, which involves the
Departments of Chemical Engineering, Mechanical Engineering, and
Metallurgy and\Materials Science, offers a Master of Engineering
Program designed to prepare the student professionally for an en-
gineering career. Graduate students are given industrial projects, ¢,
for whose successful completion they have the major responsibility.
Each prOJect is directly superv1sed by PRI faculty members, but‘

- also receives input from enginéering experts from industry.’

Currently PRI works with 15 companles outside the Pittsburgh
area. The working arrangement With each firm is as follows: A
research project involving graduate students, is funded 50 percent
by the company and 50 percent by NSF the flrst year. After that,
it is fully .funded by the, company.
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INTRODUCTION .

1 '
- . I

- ’ A National Conference on Manufacturing ‘Technology

ans Productivity was held at the Massachu%etts Institdte - . -
- of Technmology, Cambridge, Mdssachusetts, on December l{

and 12, 1973. The purpose Of this confeérence was to create

1l

an exchange-of information and opinion among industrdai (
7 . . - '

oleaders and university faculty who share.a desire to re-

vitalize U. S. industry. The following report.is ;W*//
. _ - N

summary of the disoussiOns-thatitook place during this

confegence\ All written lnforﬁﬁtlon that was provrded at~

.

“the conferende is included. Although a summary of the

' : entire conference.proceedings-was repeatedly  requested by
} ﬁanx of the attendees, only writé-ups of the workshop

. . - -

' reports.were provided - "
. The conference was attengeﬁ by bvgf one hundred repre-
} !

sentatlgeé of lndustny and unlversltles. It should be

- noted that this confergncedwas prlmarlly attended by uppér

~management from 1ndustr§ with 83 of the preregistered i _f

attendees representing companies or government agencies. ..

. Fifteen presentations were made by 1eading authorities
. \ . .
in.theiy fields of interest.. The following is a brief

'spmmar& of each presentation.

; . .
.
- : S .
. +* B
'
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) "Introductlon to the Confereﬂce“. : .

. Nathan ﬂ Cook MIT ) ' o _ »
S .
Dr. Cotk welcomied the conference attendees. He noted that

. ' “ ~ L]
the conference wasjattended by well over one, hundred attendees
. v s

. 1nc1ud1ng one woman, almost,.all of” whom came from industfy.
4

-

+ ° {The one wdman wag dlscovered éo be from the press.) Dr. Cook '
’ "“8 -

descrlbed the conference -as d1V1ded into three parts.- The first
N
part was a,number of talks on the soc1al and economlc climate for.

\ our manufacturlng industries. The second part was a presentation
- . . N - . c -

of'technologiqff/lnnovatl s'ﬁor the futur?. The th1rd part was

a

- workshops which would allow £

and thus prOVLde their input to th

attendees,$o express thelr opinians

w

conference.- Dr. Coock mentroned

*

that the conference had been one year in plannlng ‘ .
. 4 ) .

"Welcoming Remarks" 3 -a . ) .
gward W. Johnson, MIT L b ‘
Mrx. Johnsqﬁ%?ff1c1ally welé@med the conference attendees,

"ﬂ‘ 2

presented a histeky of MIT, and,descrlbed the d1re¢tlon of their

LN

. A ) \ *
) efforts. : ™ \ .,-
i 1 )

] "Recent Product1v1ty Trends and the Cﬁahglng Soclo-Economlc
. " Bnvironment" -
John W.: Kendrlcks, The George Washlngton Un1vers1ty

r
L] .

Dr. Kendricks' talk covered several related polnts. Indices
of productivity were briefly discussed. Prodﬁctivity increases
require investments. Unionizatioh decreases productivity. Produc-

tivity level in U. S. is still the highest in the world but'other

" countries are catching up. Lower educational enrollments are poor
for'increased produdtivity. Economic growth for:1974 is expected

. to be approxipately 1% iower than normal,. Labor, force growth,

lis
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a

- ‘l

.&m * ,: - .. " ‘ - . ‘ 9
which pfovided part of past productivity grdwth, has peaked-

- ‘G \
Economy shift has been to services where 60% of today's working

b4

force is Eﬁﬁloyed and ‘where contribution to productivity increase

is poor. Competitive forces will give more produckivity which

will lead to more productivity bargaining and profit_sharing.

Government intervention wil% incregse and cause lower productivity.
Energy crisis will change legislators' actions whiich should help Rt
b ‘ .

productivity. - Wage and pfice controls distort productivity
3

picture. Looseness of values and attitudes, negative social TN
% /\-“—-—p o *

tandencies ané adverse -political tendencies have been det}imental.

Outlook for- future is positive but’ not dramatic.

4/"—“" . . " N . . -
“T%phnol@glcal Innovatlon in Manufacturlng fee,
dwfdan J. Baruch, Harvard . - -

) Dx». Baruch Ghanged hls title to "Management of Technolog{LaL:

Advances". He had several’ interesting exafples of gaging produc?

~ tivity. One example compared light bulbs. A llght bulb prlce has

1ncreased from 28¢ in 1950 to 33¢ in 1970 1ndlcat1ng not much
productivity 1ncrease when adjusted for inflation. However, if
measured iﬁ terms of output in million lumen hours (MLH) the cor-
responding total cost including power has gonc from $2.60 to $1.30 ’
pec MLH. If fluorescent lighting is included, the cost has gcne
from $2. 60 to 31¢ per MLH. ThlS service cost is more reliaple thahn
'

unit’ cost and should be used for measuring productlvaty The changes
in these prqcucts involved technolqglcal advances. v

Téchnclogicél advagces take place as a_reéult of sevéral

f

activities. They are defined as recognition, definition, imple-

mentation, conveyance (marketlng), evaluatlon, advocacy (organized -

1.6
_1?9_




P . ) 1 - * < 'Y

o ‘process of lying) and hdl@&ng (d01ng nothlng Eeally ¥ "keep it N

"on the back burner”) The last act1v1ty, holding, is used when

“
r

- an advance is prémature. These activities are all involved’ tg
varging degrees in bringing forth a techhologib&@ﬁgdvence.’
- . - . . . ‘q\L

Managers manag% these activities.

’ - - .

[ -

"Design Priorities and External [Costs”

David G: Wilson, MIT

. Dr: Wilsbn presented a huworous talk on design priorities
¢ i - +

- and theiy costs. One example was the prlority assigned to/the
" design of a clean automotive exhaust. When the dirty exhaust

- blew outafnto opeh space, tHe prloryty was 1ow. hhen the exhaust
engul fed pedestrians, the priority was more acuge. When the exhaust
.was piped back into the'car, thF priority was very-acute.
. 4 Lo q -

"Productivity;, Science and Technology” . :
J. Herbert Hollomon, MIT - : . @
., Innovation and diffusion of technoiogy‘is the key to improved

- [=} ah }- o
productivity% This is clearlyvgeen_in U. S. agriculture where

o~

governmenp extension agencies played an important role. Today,

LY

U. 8. agriculture production leads the rest of‘the worLd.E Why can't
this‘be done for our manufacturing industries?

The U. S; government has placed its efforts on space and arme_
with no em;hasis on industrial produlgts. Western Eua:bpean and
Japanese governments have concentrate@ on industry and products
of coﬂsuﬁption. ‘ ‘ ' o

fechnology changes_are.?ecessa{y but usually costly and risky.
If sudden, they impair ratiohal'decisiOns and tause unfavorable
: .displacements of employees. U. 8. managers generally de51re no

11 7

Q. L ?110— -,
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changes. Japan has a policy of‘“cannot‘lay anyone off" which -
prohibits displacement. France and England have a tax that

covers retraining, reeducating and relocating workers. e
“Produ3t1VLty in Educatien”
Paul E. Gray, MIT » .-

ProductLV1ty in education has not lncreased dramaflcally

It- cannqﬁ\be néasured by- today s "$ per credlt hour" Contepnt

-

is whab should be counted Edu atfon is an 1nd1V1dual effort
on the part of the student whicl) defies any real measurement of

8

product1V1ty . .
o “Hnman Factors in Manufacturlng" . T - . L
‘Charles A. Myers,. MIT ' L h\V
, ' The most dlfflcult but most 1mportant job of mani/ement is
managlng man and all else depends on it. The factors that influ-
ence th1s management are communlcatlon, 1nformatlon, etc. whlch
" are the human factors in manufacturing.

"1980-2000 The Future for Manufacturlng Industries”
Jay W. Forrester, MIT .

¢
» The most 1n?ormative-and interesting talk was‘qiven by Dr.
Forrester. BY use of gata’from_hrs text "World Dynamicsﬂ'he

. presented a gloomy: outlook for the future. (Following this talk,
sales of his Book in the CO-OP, MIT's book store were brisk and

exhausted the1r awvailable, suppl

- L

Dr. Forrester showed that all\dynamloﬁsystems follow a growth’
curve conslstlng of a doubling of growth in increments of time.

S . )
When the transition point_is reached, the system is half grown

with only one more possible doubling of growth. Producti@ity,in «
1 f - _
‘. .. 118
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the U. 8. éppears £0 follow this curve with the transition in-
productivity 9cgurring in 1970 (earlier than expected). The
gg?w£h in U. %. p0pu1atisn a}so foliows a simiygr qpfve but .has
not'*defined a clear transiti&n point yet in spite of Zero pépg-

" lation growth qfforts. When the productivity is divided by, the

- population and gr;phed,”tbébfesult is an index of standard of ’: .

living curve. All thrfe of these curves are shown in the fiéure

r

Below; . ¢ . _ | P
o - , o Productivity
o 32 ) s ‘?a
] ﬂ ) 5
¢ ' ' Population
¥ ™, . 4 \ ’
' 16 , .
' . . Standard of
; . ’/——'\1 ‘ s Living .
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.8. //)/,/ Zone N
4 |- ' ;
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It appears that we &are today ¥in the trarnsition zone. In the trahsi~ _

tion zgne, close coupling shoﬁld\taﬁeﬂplabe. This is in evﬁdénce

today for example, with the automobile enmeghed in enviromnmental and

' energy crisis controversy with political overtones., If the popula-

\

tion gtowth can be cutbed and productivity maintained, then the

. - % .
.standard of living can be maintained. However, can productivity

be maintained with our current energy shertage?




% 1 f . Ll
LY — N -
Cark we get more energy? Can the 01l shales do the tr1ck°

>

. Rumor has it that energy productlon takes 20% of the %foduct1v1ty

dqllar. It is reported that shale 01l will cost f1ve times that

of cprrent energy... Gonclusion is that it cannot be done, not from
shale oil. - S : ' o

L]

1

How did we get to where we are today on productivity curve?

We accumulated capital strength and prbaubgion at a low cost with

3
L

. past workeﬁf receiving listtle enjoyment for their efforts.
™ ~ . " ~ ' .

o, .

- ‘Severe ﬁroblems are coming up.  Exprdpriatidn of foreign s
operations is certain. Cuts in our nonpro@uét{ve effortd will have
e . N " &

to be made. #All overhead items will have to go. Fifty percent of °
hiéher education must do. Fifty.percent°of Financial people must

go. No new construction will really take pPlace. Large numbers of

[l

sng1ce industries will é&sappear.l (The serV1ce peOﬁﬁe should go
_back to agrlculture ) The follow1ng changes w1ll thus occur:

l. Reversal of capital expansion

-+

2. Shlft out of white collar class

3. Less educatlon . *
4, Research productivity will drop even more

5. Longer life products will come (throw away at end)

6. Large throughput will be cut down (make\hew rather
than repair existing is a horrible drain on resources)

, 7. National -economy will go down

- +

A shorter work weeK/is proposed in industry. . At a timek;:Q?f4Q%

are in a productive activity, how.much can the system st before

the mischief of the effect catches up?

. " -
'y Will technology pull us out?” In spite qﬁ tremendous food

[

advantages, we have a food crisis. In spite of energy technolo%i,
- L ' f
- i - . 120 o »
o : ‘ -113- : . N

&




Qelhave an energy crists. Ig we do not pull out put follow the.

‘curves, an example of the end exists today for everyone to see.

“}?homas B. Sherldan, MIT ’ - ‘ -

\

India reached its peak.ago'years ago. .Theirs'$§H3 model of what

we can expect at the end. A sobering partingbthought is.visible

in ‘Massachusetts. The current populatlon density in Massachusetts

hy Al

is one-half that of India today. " Is one more doubling the end?

. a

Then Yhatzﬂfw;-' : . . . ‘ -

s - v

<

-“Teleoperators/Programmable, Adaptable Assembly Systems"”

James 'L. Nevins, MIT

L ]
~, - - \ - .
Mr. Nev1ns talked about past and recent man-machlne systems. .

ﬁ'movie of an automated water pump assembly was shown. Mov1es*of

@, - -

manipulator operations with feedback sending controls were also

shown. THE problems associated with "teaching" a computer-controlled

manipulator to drop a bolt‘into a hole were briefly discuss%g. It

e,

was shown that when obstacles are pleced“ﬁn the way, a complex

learning process must be undertaken. It became verykevident that

L4

: j
the first "teaching" process could be very frustrating and that the

logical learning process which we take for granted ié not a simple

computer programmlng exercise.

0

" Sheridan made a humorous presentation of the problems

L]

associated with wrltlng computer programs for man—machlne systems.

The objective he chose‘ﬁgs to direct the machine to paint a block

.

of wood with the paint %3 a cen; By use, of seyeral humorcous

L3 .

slides,’he showed many different interpretations that could be

given to the command PAINT THE BLOCK. It became obvious kthat the.

. . . .
programmer would have to prepare a set of instrucblo;sﬁthat were

Ay

much more detailed than that which one would give to a pre-schooler.

-114-
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* many cgndit?bns, they cah produce parts at a favorable urice.' He

' . ' Ld \‘
. - -
: .
"

*High lume Manufaé%uring Techhology™ - . L
F. Keith Glock, MIT T s
+ i - . - -
Mr. Glick described'éhe use of a computer aided graphics c
w ‘- »

facility in designing a crankshaft counterweight and in deter—

min1n9 the resuLti%g cen;di of %raVlty and other engineering X
data. Lt . .' ' ' ¢ ”

. P _ C
"New Developments in Manufactur&ng Processesﬂ5 '1 E

Nam P. Suh, MIT

. br. Suh described a number of new developments in/ﬁanufactyr—

ing processes at MIT The brief talk described developmemt of .

B PO
five mew types of cutting tool materials, four metal processing

. 3 ) ’ o .
studies, five plastics processing studies, and fagur studies of

;- .,
materials behavior. . ~ . ‘ :
. - .
r ’ . [ ] . _f
"Engineering Education and Industry '
Frank E. Perkins, MIT ' = .
James D. Schogffler, Case Western Reserve University - .

/ LR
. Dr. Perkins talked-about the eduq@tion of engineers fors
)
industrial careers. (Nothing new or revealing was observed )
'Dr. Schoeffler described the nature of theﬂproblem, its

implieations and recommendations. He cited the Engineering Edu~

_ . - _ - _
cation Report as a reEgrencey ' . ) .

- - . o

Lo e : ,
"Automation for the Job Shop" . . ‘ - {
- Robert T. Lund, MIT . , . -

L}

3 . A

Mr. Lund ‘Presented an inter&sting talk on Computer Modeled .

e

Processing Machine Systemg (CMPMD. He :Sowed that spch-systems .

have a place in job .sheops and production/plants, énd that under

-

e

’ > o R . ’ . ) st
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< then shdwed a movie of the automatic processing; line that was

' b, SN . A oo . - _

. de51gned and bullt Y Cincirnati Miiacron and Ford Motor -Co.
LN - ./ . "

Thls sf%tem was very 1mpre551ve with everythlng computer con- _ +
, trolled from rout;ng the parts“tg various, machines tb the COmplex ’

' o selectlon a?d"\{h,angej &*varlops toolstﬁon each machlne. 6 later ‘

. ’dlscu551on w1th Rlchard C. Me551nger, Vlce PE&Sldent of Research,

. C1n01nnat1 Milaéron revea;ed that thla machlne had been\fjidlnto

{‘t
"'rnoth .balls" the computer returned to its manufacturer, that}

A

there was really murrent 1nterest in encouraglng any ?u—fchase

N %nqulrleiqgor thls type of machlne system.L It was also rumored

-

+

.that the above machlne %em was offered to MIT if they would

”

‘ikeep it ope;atlonal but that they,refused due to lis high upkeep -

-

=4

- N —

‘ cost.) . X ' . )
. . _ . st S '
- ¥ : . -y v
" . "Computer-aAfided pesign" M . '
. John J. Allah, III, University of Texas: -
. _3 Dr. Allan presented' a colo\x\.:ful sllde—talk oﬁr} cornputer—alded

[}

' )
' design; what it is, how 1t works an the advantages thag are de—

rived ?Om &9 use. He used the sysitem at the University of

. L
Texas as /hls presentatlon model, The ensuing discussion point Z%

oy
e 3 . {\ g N e
out that the hardware for such systems‘“}’s readlly a\}llable but -
~p ) L)
» Xhat huge software development is necessa%y before the Systems .
. A .
P od individugl use. - .
@eﬂl . \—j ., . - 3 . N A
' WORKSHOPS o
" L Fi dlfferent workshops were held tg aljlow more of /x—
F i - .
:ﬁ . pre 'on‘pf\oplnlon from the attendees. Su;ﬁarles of the dis-_

L] . ’
-

cusslons in eac}'k workshop are 1ncluded in the ;%.ectlon follow;u_ng
th;s report. . _ ° K3 ) r33 ‘ ¢

bt
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The author of thrs report participated in Workshop A -

o
-

Industrial- Research and. Development. ' The discussions- in Workshop

It

*

A have been signiricantly.toned down_as'giyen in Appenqu B.

-was evident that several problems existed. The facilities, ‘in-

terests, and .staff capabilities in universities are largely unknown
. \-\. B -

N . . ' ‘ . ' 5 .
to industrial management except in a few cases. Industry does Ké?
£t S, T ) MY . .
tptst,academic personnel as good managers of any regearch projects.

®. Their past experience has shown that university peaple do not re-

" ! '
search tﬁé\problem in question, but are off on a‘tanéent somewhere.

When asked to accodnt.f%r'their progresg communicdtioné are"un-

satlsfactﬂry. -Industry feels that Unlver51ty peop%e really den t

‘understand the ‘problems of pro ed manufacturl'ng companies.
It was felt by the 1ndustriaalrepre entatives that inf basic:

4 shoulﬁﬁ&gﬁ%nmzby the industrjes. The four university personnel
. 2T i A . .
“in this.workshop did not agree that statement. - 2 v
. . 5 ‘%

-

. o, N - ..
QUESTIONS AND OPINIONS

Each of the workshop sessions prepar?d a number of questions

0y

\}that weré then submitted for oplniOn votlng at the end of the

conference. Tu% audlence at thls point was%nmderably éhanged

from that of theaéonference due to early departures of 1ndustr1a1

Ty

peoﬁle d partlclpation by MIT graduate gtudents. However, thi’ )

in i r some interestin nclusions, ntir
voting d produce Teresting concl o The entire

: >
of questions .and. the voting results are attached.

v, E

. N b w
.
- ' .
. ) N R
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MIT PROGRAMS”

MIT has several prOgrams that‘provide'university-industry ’

¥

ifiteraction. .Thé& following are described more fully in the 1nfor—
matlon bulletlns 1ncluded in Appendix F.
The MIT ASSOCIATES PROGRAM has as it® purpose to pr0v1de

member firms direct and convenient access to -their pducatlonal

*

~and research programs while at the same time providing the -Institute

with important unrestricted financial assistance and professional

-

relationships.
The INDUSTRIAL LIAISON PROGRAM has as its pyrpose the estab-

‘lishment of stimulating contact and informati eichan@e between

i~

the Institute's faculty and representativa? from industry.
The ADVANCELR STUDY PROGRAM and SELF STUDY PROGRAM are graduate
study prOgrams for practlc;ng englneers, scientists, educators,

L]

and students. .o . . . . 0 Ty




WORKSHOP DISCUSSION SUMMARILS

.
[AS
.

the éartidipants'qp various subjects related to manufacturing and | .

e

to formulate issues to be presented to the whole conference at the
final dinner session. Each group contained a discussion leader

- and a recorder/reporter. *The discussion leader sought to focus

the’discussion and to identify points Of controversyi and the re-

corders provided this account of the major poiﬁts covered in the

~ discussions.

Discussion’ Leaders

Prof..Albert Ho'pkins'i
Mr. Ja;es'Nevins ,
Prof. Frank Perkins ©
Mr. Jerry_Schaufeld
Prof. Nam Suh.

Prof. Daniel Whitney

Recorders —

Ceorge Foote
David Gossard i

Péter Heineman F .
Scott Holden ) . '
Hh;ry Roba -

Bruce Kramer

The objectives of the workshobs were to obtain opinions of

[
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Workshop A Indust;iel Research and Development

¢

On many of the basic 1ssueé diascussed In this grouhﬂiﬂére was
good éEreeﬁent both among the industrial participants and between
industry and academic personnel. A éqssible exception was the question

e A >

“of how much university research should be‘sponsored bv industry.

The question of public contern for 3ssues 5uéh as pollutibn,
resourcgé conservation, worker health, safeti\pnd'job satisfaction was

discussed. H?re tbe EYOoup concensus was that the prevailing nublic

A

attitude was one of complacence. That people are "happy with the way

> -

life is" and have, in general, no intentions of "stirring things up"

were two predominant feelings. Industrial concerns continué to be

_strongly, and probably necessarily, profit—motivated./

Concerning public policy, there was strong sentiment that the b

dsflining U.S. economic position relative to other industrial countries

is a requit of those nations’ government suhsidy of industrial research-
. 4 Y ) .

and development. ~Japan, West fermany and Hungary'wgre cited as‘gxampleq.

It was felt that the U.S. government should sponsor industrial
1 .

applications tyggearch as well as sponsoring un1§ersity research.

-
-

L3
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. Workshop B Public Policy and Manufacturing

*

¢
.The major focus of the discussions was the involvement of pgovern-

~ . ment in the market system both at home and abroad. The ‘feeling that the
government served to interfere with the ''normal market forces' at home
‘ /

was quite predominant, and it was felt that in most cases, goverhment -

intervention should.be a-iast reéé;t. It was pointed out that, while

the government knew guite a lot about thh'larger companies 'in the cou61 <,

Ay

try, very little feedback was ever received from the medium and small-

. "sized pperations. This could help in providing more adequate informa-
s ) ) ' . ‘
tion on which the government could base its policy decisions.

_ The second interest of many firms represented at the worﬁshOp was
“*, ) { : " i

the influence of foréign competition. Tt was thought that the most
effective means of facing this matter was to have more information -

{ ‘ . - . -

) " available from government sources concerfiing the technological advances,

¥ .

//“business growth, énd future trends in foreign industries.

.

I

,{’ TR Major questions'were raised concerning the standards which the
i government uses to gétermine volicy regarding industrv, the types of

! P o i
, Tesponse which govéﬁnment should use in a problem area, and the philos-
-
‘ophy to be assumed ib the present situation of materials shortages.

Sa -
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Workshop C -~ 1 Productivitvy Improvement °

-
.

This group dealt with a variety of levels_of produEtivity,'whgle

the pérticipangs'shawed a ﬁrimary concern with nroductivitv at the level
of an_iqﬂiglduél comﬁany or of a particular‘manufact;rina ﬁroceps witgin
a compény.' This.was sho;n by ‘an informal feedback polil ok people's int-
eresté. and paralleled by tbhe conference response at the closing? session.
This was in contrast to the empha;;s of the earlv conference speakers .

on national,: international, and even glohal productivitv issues.

_This dichotomy of interests presented some problems in reaching a

‘common definition for discussion. Interestinglv, while productivitvy

concerns were uniform across theé group of particdipants, few had an
actual p?oductﬁvity measurement ﬁrogrqm in their plants.

Thé importance of improving p*bdubt qualitv(;;s récogﬁized,bbut
its role in measured product{jﬁtv wa; not-resolved, and thé specter of

energy, resource anq labor limitations remained in the background of .
} ] ] -

each discussion. Still there emerged a feeling of optimism, pefhapé -

summarized that improvements in productivitv would find their reward
A . -

in the magketp%ace. Thege feelings were quanéified in the feedback

sessions. A number of Déogﬁ&lfelt we would not encounter growth limits

to our production (G.N.P+s). The.view on productivity was, even more

optimistic, ekpregsing‘again the optimism cited above, apparently
implying that we can produce #s puch or more using less of our efforts,

even 1f the resource base diminishes.
The rTole of the univeréity in productivitv improvement was dis—. ‘

., cugsed. It was_felt that in addition to teaching, the university

gshould play an important role in moving 1deas, into commercial apﬁiica-
. >

129 - '
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tions by an interest in continuing

———

with industry.
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education and in prototype programs

-




" posed an interesting Question which was later.presented to the dinner .

Egrkshoglc:Z Productivity Improvement

8 T . -

The discussion in fhislgroup focused on two primary questions.

: ) 2
" 1) MNow can productivity improvements be effected? -
2) What role can federal policv play in bringing ahout major

productivity improvements?.

L3

On the first qhestion, there was a strong consensus that strength-
ening the tie between the manufacturing and design processes should
‘progide substantial and relatively. "costless" improvements in“produc- &,

- . ' .

tivity and in product quality. It was felt that longer product life and

loépr costs would be the logical results of these inprOmeents. Thig~

session; Does the y.S. economy. require foreshortehed prodgkt life to

function at its present level? Is Ibqger product life deéireble from -~
2 . .

an economic standpoint? The Sroup consensus was -that longer product
_life was desirable and indeed necessary from global resource Eonsidera—

¥ '
tions. It was felt that the "productivity prohlem” is not limited to

- »

manufacturing, but is distributed throughout the entire prod ion pro- '

4 . -

cess from design to sales to service. This makes itself felt in increas-

#

ing "overhead" and."burden" costs. . . .
Hhen the role. of federal polic§ waslconsidered. it was strongi§ ‘
felt tpat direct development o% programs toward proper resource‘usage
is needed.l It was also felt that the international trade climate is
unbalanced in fevor of foreign competitors. The group feeling was |

that‘the U.S. should seek to put U.S. firms on equal terms through a

combination of international monetary polic?, balang¢ed tariffs, and
131 ' | *
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subsidies. . .

i

This contrasted with the prevailing group sentiment that government
[

interference in the domestic economy has been, and is, a neparive
influence. The 1mprober manipulaiion of wage and price.controls, and

the resultant distortions of the free marget process -were_felr to be

a prime example of actions which resulted in "more harm than good.”

Lo - {
#
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A
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Horkshop D Education for Industrial Careers

N K2R o T .
In discussing what training an engineer should Have, it doon .
becﬁme evident that among the participants a distinction yas made (f/

betweén a "professional engineer" and a "practicing engineer.” This
"practicing engineer,” depending upon the situation, might go under

» guch titles as Productipn Eﬁé.,‘uanufacturing Eng., Process Eng., ér

%

s ‘ Industrial Engi%eer. It was generélly felt that today's undergraduate
“curricula are improperly structured for students aspiring to these éit-
' uatiohs. Currently, rather than graduating with a practical industry

oriented background, they graduate yith a tﬁeory based education intended
- s I I P - N .
for the "professional engineer” who, will obtain a’ graduate education.

o

Three possible alternatives to this situation were suggested. First,
¥

schools might offer a three Year Associate Engiqeer'gldegree..-SeCOnd,
N . AR - >

an” alternate, indudtry oriented bachelors program might be offered.

Or third, the Bachelor's?degreé migﬁt be defined as a non-professional

\\drdegree with orientation toward going directly Into induétry. Concern
. . ¢ )
was expressed that even those students interested in engineering theory

" have insufficient industrial exposure. Therefore, as part of the tﬁigd

- plan it was proposed that those in Ehe'"professional" pFog}am ending

L

with Master's or higher degree be required to work for some period in
L]

%

industry in a university supervised program. As an aside it was felt

that universify faculty also seriously lack industrial experience.
. \
The other topic discussed by the workshop~was continuing education. .

, 4
2\ . (}; was generally agreed that the most useful and successful continuing

education fell into two catlgories.

=126~
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’ -1.' nagerial sclence and huﬁanities
2., PSpecifically apélicahle new technblogy
Considerahle time was spent discussing the problems iﬁ%olved in.
.séﬁg‘particula{:attempts to implement the latter. In the;e cases, mane
agement was attempting to educate a group of engineers in a new tech-
nology. F;om the btsiness point 8f view, the most cost-effective
wdy was to hire an expert (frqm q university) tolcome in and teach a
éon;aﬁirated course to the engineers in their plant using real problems

for their laboratories. Unfortunatel? this in many ways 1s in conflict

L

I +

. with_incgptives posed for moit uﬁiversitv professorsé Tﬁs primary
. . problems'wefe cited. ‘ .,
. " 1. The physical separat{pnB:j:ﬁgﬂﬂ the campus and the Industry,
T 2. Teaching in industry dogs not raise a professor'é esteem in
b ;he eyes 6é his colleagues. )

. It was generally concluded Ehat the first probleﬁ; could be overcome
with the proper administrative chgnges aﬁd appropriate economic incen—

tives. The Second problem was not as eagv. Such solutions as proféssors.

teaching in industry while on sabatical were proposed, _ Eowever, these

proposals share a common problem. While the mdney avallable to a prof-

essor could be increased, the time available to him camnnot. Therefore,

-

unless the priorities are changed from the durrent emphasis on research

or at least modified, the second problem sgéms insoluble.

L]

Lastly it was observed that, in general, when people are much over

—

Hf’ “ten years out of school they start Fo glve up keeping up with the state

»

of the art. As an‘alternative to this, retraining people in a com-

-

p%ptely new fleld was proposed. It was noted that, at least in soé;
. - \ R
- .Y 134 | )
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2 interested and able to staft all .over again; thus enabiing thesp people

4

<

. cases, while pEople give up on piecemeal learming, thev are still

' to cope with the fast changiﬁg technology,




w

profitably export technologvy to the rest of ‘the world as long as |

American firms are able to operate in the context of the free enter-

prise system. The feelingfaas expressed that our eEonomiE'survival :
/ £ -
depends on our ability to profitably export” technologv. Those with

’ experience in multinational firms added thé& caution that foreign con—
a2 ! P

cerns’ dre extremely shrewd ne ors and that careful attention to

. - ¥ ‘
e detail is essential in any . contract neé%h
2

In regard to the quéstion of whether major technical programs, such

- as the . development of computer-intearated manufacturing syatems, should
‘3

' ,/’“\be undertaken on a nationa% scale or through interhational effort, the

unanimous feelinE%‘was that the United ‘}tateq is not -yet ready to enter

-
L]

into a mdjor international brogram. Clearly,éthe national program

L - L

should be developed first. There is presently an ufgent need for an

-

organized nationalleffort‘to develop computer-integrated manufacturing

F e .
systems in the United States.- ¢ - - -

. In areas of'cqmmercial interest, multinational firms are Presently . T
. . L2
- “transferring foreign technolofv to the United States much more effect- -
" 4 . -
ively and extensivelY than are federal agencies anﬂ/or universities.

u

More active attempts by federal aPencies to license foreign technological -
developments for the use of domestic industrv (as bas been done in the

shipbuilding-industry) would be helpful and should be encourafed. Univ- ) {

‘D‘@ o

eraitiea can help most effectively by keeping industry abreast. of prom-:

ising developments of international research which are of interest but
which are not yet developed to the point of commercial use. )
: 3
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L . . -

~ . "VOTING RESULTS PR \‘
’ . '-U . - l -

.'The 1iveFy discussions held in_the group workshops deyel9ped a #,/r
series of- questions which were presented to the whole conference at
the final dinner session. ' The audiénce, comprised of 37 industrial
S anq 17 academié‘pért?cipants, was polled by an dnonymous group pol[jng.
technique. Each question {or statement} was accompanied by a'meﬁ/ of

. responses from which to choose. Each member of the audience se‘ECt§i7"

!a single response, ‘then, ‘the results were electrénlcally recorded an

! dlsplaxszd;p the audience. The questions and "voting_returns'' are

given b . The number of total responses varied s£M§what due to

abstentlonsi;% ﬁéf}esponses.

LY

Y
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A

o

WORKSHOP

‘Question )en

Responses:

Questlon

Responses:

\
Ll

Question 3:

L+ ]
,- Responses:

A

I

Question &:

Responses:

.
¢

INDUSTRIAL RESEARCH AND DEVELOPMENT . - .

.
. L}

Industry and universgjties shguld concentrate on |mproved
methods of communication. -

. . ' ¥
Ot}Jectlon / Other i -’—h

= g

Top Priority . - 13-
Moderate Priority ' 25
Low Prlority 8 <

There should b; some form of increased emphasis on a
ional r rch policy. Such a policy should include.

|ncreased funding to=un|versities for basic research,

GbJectlon / Other ‘ 0
Yes ' Y3
No . ) ) B 6,
Maybe .~ . - b /ﬁ ,
_ . _

There are indtcatlons that there is a probleniﬁ} job
satrsfaction ‘among young engineers.

Objection / Other t. 0 . "
) . . rs S
’_Ag-rEE" . X , (/‘ 16‘ N
Disagree 12 ,

3t|versipdes could serve as-a co-ordinating influenge to
ovide for |ndustry cooperation on OSHA, EPA, etc.

(TR

Objection /" Uther 0 ) 0
Yes, of course g 16 7
‘Not ,clear o o o 19 f . 8 0
No T 15

S
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% WORKSHOR B~

*

. b
PUBLIC POLICY AND MANUFACTURING ¢
‘ . A
Our worst problem with regard to public policy and»

Question 1:
manufacturing is”. ..
¥

(3 choices)

4 _ , Industry'
! choice | ] 111 Only (I}
Respohses: Objectioﬁ /" Other 1 1 3 0
v - Government interferes too much 11 5 5 9
. L Government doesn't do eno%gb_ 2 2 1
We can't have prosperity ’ »
without war_or crisis 1 b 5 1
Goals of full émployment. low 8 10 16 6
’ interest rate and GNP growth '
are not compatible
. L .- )
- Political, ‘social add economic 15 18 4 9
factors impinge on the
decision process.
« We are:not disposed, ﬁatioﬁélly, 7 6 9 4

to estabtishing “nat ional
goals" |

rs

problems is

Objection'/ Other
Do nothing

Provide information
. (technlcal’ assessment} P

Prov&de shelters (tariffs)
Provide incentives (regulation)

" Participate directly
ﬁGOVernment.Labs, RsD

Natjpnalization of unprofitable
or critically necessary industries

L]
*
3

. . .

2
20
<2

*

The proper level of government response to productivity

\




WORKSHOP B

\

- Question 3:

!

Responses:

{cont'd)

-

b
Objection / Other

kY

Be the resource/mf last resort

Provide international technical
and commercial intelligence data
Y .

Force cost internalization

Aid comhunication among firm ¥

environment

i}
Replace restraints with *
rewards {e.q. pollution)

Actively prombte»rising
industries -

~ Not manipulaté the éconowic )

Gently discourage falling ones

A40

-133«
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Specific governhent action toward manufacturing should

Induétry only
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WORKSHOP C-1

Question 1:

Responses:

4
Question 2:
f
. * Respopses?
"
o .

f
PRODUCTIVITY IHPRO“EM

improve productivity?

Objection / Other
Global -

National

v

Statewide

Indust ry

Company
Manufacturing Procéés

Worker

In what time frame do yoﬁ see '"growth 1imijts''?

'
Objection / Other
I - 5§ years

5+ 20 years

"20 - 50 years

50 - 100 years
100 + years
Never

In Production In
(GNP) Productivity
. 0. \ 0
. 2
10 "10
12
!'8
2
11 17
N
\
141
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. At what organizational Jeve) should efforts be put to
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WORKSHOP C-2

hS
(R

Question, 1:

Responses:,

Question 2:

Responses:

¥
Question 3:

el

Responses:

m

PRODUCTIVITY |MPROVEMENT

Despite its current high standard of living, the U.S. is
productive endugh to compete in the world market as long
as |t can operate on equal terms with others with respect

‘to monetary policy, tariffs, and subsldies.

Objection / Other . g :
| agree 34 -
I di;agree ) . 06
No opinion h 0 -
X 4
' Wages in the U.S. iﬂ;termslof productivity are
Objection”/ Other C 2
Quite high S N
.Somewhat high L _ 16
Reasonable T ) 16 .
Somewhat low L 2 : #r
Quith Tow R 0o

Could longer product life be acccmmodated and still ‘maintain
a strong American economy?

* A

Objection / Other _ T 2
Yes : - 37
No - 8

142
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WORKSHOP D

]
K

Question I:

Responses:

Question 2:

Responses:

Question 3:

Responses:

L}

.
-~ . 3
W b -

EDUCATION FOR INDUSTRIAL CAREERS ‘

’

The Bachelor's Degree should only be a pre-profe§si%nal
degree.
' o .

Industry Only

Objection / Other 7 3
Yes 18 10
No 22 17

Entrance to graduate school should be contingent upon two
university-supervised:years in industry for the following
percentage of graduate students.

L]

Industry Only

'Objection / Other 9 6”
0 - 20% 9 "
20 - LO% 3 1
4o - 60% 10 9
60 - 80% 6 b
80 - 100% .8 5
‘ e

Engineering education has a responsibility to tga&ﬁﬁ@wo things
1) Transmission of technical information e

LAt
s'.:,,"; bl

2) Development of an ethic and human awareness’..
. l

What fracfi

PH of the teaching should be dévoted to 1 ?

) ) Industry Only,
Objection / Other . l 1
0~ 203 - ‘ )
20 - b0 - 5 2
b0 - 60% 16 |3 40
60 - 80% _ 18 AN
80 - 1003 »// 4 3 ‘
& ) B
° Ve




WORKSHOP D {cont’ d)

Question 4

Responses:

\

¢

Which of the following modes of continuing education is

superior?
Objection / Other

People from industry returning 15
to the universlty for a term

Unfversity staff teaching as 9.

consul tants’ i
without credit

industry

University staff teaching-in * 17

.industry as an extenslion ser-

vice of the university

University staff using their )
sabbatical to teach in industry

L4

Academic Only
| :
4
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’ I
WORKSHOP E ~ TECHNOLOGY ABROAD ) ' v
. . , -
Question 1: an the U.5. be a profitable exporter of téchnology? of
products? -Yes, both as to profitability and ¢ontinuation
as long as the- free enterprlse system pquaals .The
world is {must be) our market . N
) Exporter of Exporter of
~ Technology, Products
Responses: Objection / Other 4 4
! agree 32 I g
A disagree 3

Question 2:

)s

On major technical progréms (computer-integrated manu-
facturing systews) we are not ready vet for international

deve lopment.

Objection / Other!

| agree

} disagree J/////

It f?ﬂa?be?t
n

9.
6
. 27
B

manufactur g9 program

Objection / Other A

} agree * 29 .
) disagree 9 |

-138-
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that we start a national comRuter integrated

L
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. —J * ¢
\ GENERAL '
-]
R Ques tion: What is yoeur current income?
Responses:' Objection / Other ‘ ) vl
Less than $5,000 ! 6
Less than $10,000 2
Less than $15,000 - 3
. ~ Less than $20, 000 3
L ' Less than $25,000 4
Less than $30,000 18
. Less than $40,000 9
$50,000 or above A
) Ques tion: I feel
Responses: Objection,/ Other 1
. ’ ' . Fine : 22
O‘K‘ * |3
Fair 2
(,, Poor 2
. Confused s
Intimidated 6
Question: The K.§. is tending to become more'socialistic:
Responses: Ob jection / Other, 1
) ‘ Yes 31
A No | 1 ‘
Andecided 3
Question: This technique is ' . \V
N Responses: Objection / Other 0
Useful. 32
Not sure
A .
Waste of time ] 4
& . .
s i N ’ -
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